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‘Here’s ALL you want and should have in 
Holder Quality, Protection and Ease of Use! 


Like other famous Fibre-Metal welding prod 
ucts, the Eureka Electrode Holder is engineered 
for efficient work production with maximum 
Its unique “uni-line” design just naturally 
makes it easy to use. No need to bend the rod 
“at right angle” after insertion in holder! No 
trigger obstruction to the welder’s view of the 
work being welded! 


safety 


The Eureka Holder is completely insulated 
not only against electrical conductivity but in 
portantl impact and breakage 
to insure long life and economy. “Once used, 


against heat, 


always used,” say Eureka users! 


OUTSTANDING FEATURES of the Eureka HOLDER 


1) TIP INSULATION of remarkabl 
lass cloth. Highest known resistance 
2) SLEEVE INSULATION (same as Tip insu 
ulation and movement « jaws 
3) COLLAR INSULATION of high-impact at 
lite. Square design prevents rolling 
4) TRIGGER INSULATION of Neoprene Rubth« 
ind abrasion, highly resistant to heat 
5) HANDLE INSULATION of hard vulca 
Small diameter for easy grip and bal 
6) SCREW INSULATION. Handle fixation 


vering to prevent arcing. Patent pendin 


When buyin 
upment always a 
FIBRE METAL product 


WORKER SAFETY PAYS DIVIDENDS 





Compare If 


-.the new HOBART fy 
Arc Welders #... 


and you'll see why you get more actual benefits in dollar savings 
and INCREASED PROFITS! HOBART'S outstanding design and spe- 
cial features bring higher performance, faster welding and lower 


cost operation in a compact and easy to move unit 


For Automatic Welding AC Transformer Welders 


Hobart welders will do your production work better and faster. 
They're available in 200, 300, 400 and 600 ampere sizes to do 
any job—light or heavy. An on the job comparison will prove their 
value... job after job you'll see Hobart outperform other welders, 


saving time and cutting production costs. 


r 
300 omp 
Electric Portoble 


300 amp. Gas Engine Drive 250 amp. ''Pipeliner 200 amp. Gas Engine Drive 


For repair and maintenance work Hobart offers a wide range of welders in 
electric motor driven or gas engine drive air or water cooled portable or 
HOBART electrodes | sattanhog Whee woe ais iia We atone Onde votre en 
tion obs away from power line may sO be ed as an emergency power 
Try them . ..a comparison will prove you source. Find out how you can get better, lower cost welding by mailing the 
can get more top quality welding per day | attached coupon no obligation, of course 
Hobart electrodes are made for every 


application of AC or DC welding. Tell us Robart Brothers Co., Box WI-75, Troy, Ohio 


the type work you do and we'll send 


samples for you to try! “One of the world’s largest builders of arc welding equipment” 


CLIP THIS COUPON AND MAIL TODAY! .— — ep an 


7 HOBART BROTHERS CO., BOX W4J-75. TROY, OHIO. Ph. 21223 
oo o | | Without obligation—send FREE catalog on the new Hobart 
» . Simplified Arc Welders Electrode Catalog 
| FREE 


~e) 


> 


Price on amp. Hobart Welder 


Electric Drive Gas Engine Drive AC Transformer Weidor's Vest 


‘ \ f Pocket ( * 
Combination Welder or 110 v. AC Power mek pu ide 


ste) TROY ERS Powromatic for Automatic W eldir ; 
ART :.: WELD 


HOBART WELDERS, ELEC 





for Welding CHROME-MOLY STEEL used in HIGH 


TEMPERATURE —HIGH PRESSURE SERVICE 


@ PRODUCES JOINTS AS DEPENDABLE AS THE METAL YOU WELD 
@ SIMPLIFIES THE WELDING OPERATION 
@ SAVES YOU TIME AND MONEY 


M & T now brings you a new arc welding system using Murex CROLOY 
electrodes for fabricating and repairing chrome-moly steel equipment used 
in high temperature—high pressure service. 

For years one of the nation’s foremost producers of power piping and 
high pressure boilers has been using CROLOY electrodes in production. 
Their experience has proven the excellent operating characteristics of the 
electrodes, the dependability of the welds under high temperatures and pres- 
sures, the economy of the welding system. 


With the new system you can greatly simplify preheat and postheat oper- 
ations . . . you can practically eliminate underbead cracking, forget about 
costly defective welds . . . you can dispense with stress relieving on many 
weldments . . . you can weld chrome-moly steels more economically. 


Murex CROLOY is a chrome-moly weld metal of outstanding stress rup- 
ture characteristics and high ductilities over a wide range of temperatures. 
Further information is available on this new welding system and the unique 
electrodes that have made it possible. Just write, or have a Murex man call. 


METAL & THERMIT CORPORATION 
Velding Cvition 
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Special Set-Ups Made Easy... 


with MALLORY 


Ki lectrode Holders 


| EFORE you go to the time and expense of getting a 

custom-made holder for a welding job, take a look at 
the variety ol standard Mallory electrode Holders You 
can probably pick out the design your application requires 


at substantial savings in cost and delivery. 


The most complete line in the industry, Mallory Electrode 
Holders offer many varied designs... straight, offset, 
paddle type, swivel head, low inertia, universal and close- 
coupled, Light, standard and heavy-duty models are avail- 
able for pressure ranges from under 100 Ibs, to more 
than 6000 Ibe 


By using these versatile holders in combination with the 
hundreds of different types of Mallory welding electrodes, 
you can assemble an almost unlimited variety of welding 
set-ups. Most welds in channels, or other hard-to-reach 
locations can be made with standard Mallory welding 
parts And when your application poses problems outside 
of the range of standard models, Mallory engineers are 
well qualifie d to de sign special holders and electrodes for 


your indiy idual nee ds 


Look through the Mallory Resistance Welding Catalog 
and pick out a series of holders that will equip your shop 
for the range of work you are doing. Your nearby Mallory 
distributor will be glad to give you a copy of this useful 
catalog and to help im your me lec tion...or you can get 


one by writing direct to Mallory 


Expect more... 


In Canada, made and sald by 


Get more from Johnson Matthey and Mallory, Lid., 
. } { PR MALLORY €@CO inc Y 110 lndusry Street, Toronto 15, Ontario 


PrP. RR. MALLORY & CO ine INDIANAPOLIS 6, INDIANA 


STANDARD ELECTRODES 


Odd-shaped electrodes u conmider 


STOCK ELECTRODES 


specials” may we ‘ tandard 
items for Matlor 

quickly with exist 

range of single-ben 


and irregular shapes 


For information on titanium developments, contact Mallory Sharon Titanium Corp., Niles, Ohio 





ONE wide-range 


‘OXWELD W-45 BLOWPIP 


handles EVERY welding 
and heating job 








NO OTHER SINGLE BLOWPIPE OFFERS 
THIS EXTENSIVE RANGE! 


Anvone whose daily work includes welding and heating will readily 
appreciate the amazing wide range and versatility of the new OxweLp 
W -45 Blowpipe. Its 18 head sizes (2 to 300 cu. ft. per hr. capacity) provide 
a pertect flame for every metal thickness. Light sheet to heavy plate, 
one blow pape does ut all! 

From chrome-plated tip to offset hose connections, the W-45 shows the 
results of over a decade of development work by Linpe engineers. Its 
exclusive iifly-lock”” heads, “form-fit” handle, and advanced styling are 
as modern a yuided missiles and atom powel! " ring vas seals, flame- 
stabilizing mixers of improved Ly pe, and many other innovations put this 
blowpipe far ahead of the field in economy, ease of operation, and low- 
cost maintenance 

See for yourself how you can enjoy tomorrow’s operating standards 
today with an Oxwetp W-45 Blow pipe. Ask your Linpe re presentative for 


a demonstration, or write for free booklet, F-868 


Cutting Attachment adapts the WAS Blowpipe for 


uv steel up to & imches thu k. 


Linde Air Products Company 
A Division of Union Carbide and Carbon Corporation 
30 East 42nd Street (ta New York 17, N.Y 


Offices in Other Principal Cities 


r “anadse = IF IRC PANY 
in Canada: LINDE AIR PRODUCTS COM N Trede-Moark 
Division of Union Carbide Canada Limited, Toronto 

(formerly Dominion Oxygen Company) 


The terms “‘Linde” and “Oxweld”’ are registered trade-marks of Union Carbide and Carbon Corporation 
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Long-life Inconel basket for heat-treating service is in 
easily fabricated by Wiretex Mfg. Co., Inc., Bridge 


port, Conn 


W iretex uses “I - Inconel Electrodes 


center grip) 


yinch diameters. The 


% and inch 


“132” comes in handy 


It-inch lengths, 5 diameters: % and inch (both 


[eae h end erip 


Welds made quickly and easily with “132” Inconel 
Electrodes stay strong, resist corrosion 
in 1650°F. neutral salt bath 


On the job, Inconel heat-treating 
baskets like this one ride a “jack rabbit” 
conveyor They make a continuous 


cycle: 40 minutes in a neutral salt bath 


at 1650°F, 


washing, dry ny 


then an oil quench oe @ 
and the cycle starts 
again. 

After six months of 24 hour service 
these Inconel baskets welded with “132° 
still in 


reason is because the 


good 


Inconel Electrodes are 
condition. One 


“132” 


base metal so closely 


weld metal matches the Inconel 
not only in 
appearance, but also in high tempera- 


lure strength and corrosion resistance €. 


You get faster and better 
welding with new ready-to-use 
“132” Inconel Electrodes 


You can use Inco’s new “132” Inconel 
Electrodes right from the container to 


obtain \-ray quality, corroston-resist- 


032 


No rebake is 


new, durable 


ing welds in Inconel 
needed, because of the 
flux coating and core wire. You get a 
high rate of deposition, smooth bead 
contour, stable arc in all positions, and 
easy slag removal. 

Your low al Inco 
neu a $2” Irv onel I lectrode in sto« k. 
Order a 5-lb. package today. And for 


an up-to date source of we lding infor 


distributor has the 


mation, write for the newly revised 


edition of our Helding Bulletin. 7 4 


TC Oe WHGING 
| —— ey 
7 ~ 


Moisture-Resistant sealing tape give 

extra protection to the new “132” 
Inconel Electrodes. 5-lb. tubular con 
tainers have metal ends and asphalt lin 
ing for added protection. 


The INTERNATIONAL NICKEL COMPANY, Inc. 


67 Wall Street 





New York 5, N. ¥ 


ANCo, Welding Products 


Electrodes + Wires + Fluxes 
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BROADENING HORIZONS 


The development of welding has been explosive. Only thirty- 
seven years have passed since the French built at Caen an entirely 
Editor welded ship. Although not more than sixty-six feet long, the 

B. E. Rossi sureau Veritas and Lloyd’s Register gave this small ship a one- 

year certificate. It was in service for thirty-two years. In 1944, 
Assistant Editor, Production an enormous fleet of welded ships arrived at Caen. 

Catherine O'Leary It was only 25 years ago that the first all-welded stainless steel 
pressure vessel was built. By 1955, a complete chemical industry 
had grown on welding, particularly the welding of stainless steel. 
Welding has progressed so far and so quickly that, by today, 
man’s ingenuity has devised machines which are almost unthink- 

Officers of the Society able without welded construction— for example, the jet engine. 


J. H. Humberstone Welding has been the greatest aid to productivity yet devised. 
President 
J. J. Chyle and immediate problems in our own countries and, indeed, fre- 


Ist Vice-President . 
C. P. Sander quently in our own backyards, that there has scarcely been time 


During these years, we have all been so occupied with pressing 


2nd Vice-President for a broader look at welding the world ove 
R. S. Donald 

Treasurer ; ; 
J. G. Magrath portunity for the first time through creation of the International 


Secretary Institute of Welding. Slow to start because of the necessity for 
F. J. Mooney : 

Asst. Secretory bringing welding knowledge to some common level before progress 
S. A. Greenberg can be realized, the International Institute of Welding has pro- 

Technical Secretary 


The close of the last world war offered this challenging op- 


vided an outstanding medium for the exchange of views and knowl- 
edge so necessary if we are to keep abreast of the rising tide of tech- 
nology throughout the world. To implement this desirable ex- 
change. groups of overseas peoples have visited our American in- 
dustry. In 1955, for the first time, a small American group will 


! <2 Sth return these visits through the recently established | American 
2. Middle Eastern Council to the International Institute of Welding-—joint instru- 
D. B. Howard mentality of the AMERICAN WELDING Society, the Welding Re- 
. North Central , 
Clarence E. Jackson 
. Southeast find these bodies really extending the services to American industry 
A. E. Pearson : 
. East Central 
J. H. Blankenbvehler in welding are now being kept up to date, not only on developments 
” J. R. Site at home as heretofore, but on development throughout the World. 
. West Central Let us progress and learn! 
A. F. Chouinard Surely, this is a happy sign of Broadening Horizons. 
. Midwest . : 
H. Jackson 
Southwest 
J. B. Davis 
Western , 
R. H. Smith = Howard Biers 
Northwest fei ad PRESIDENT 
Clarence M. Styer 


District Directors 


search Council and the Ship Structure Committee. Now we 


which they were created to fulfill. As a result, all those interested 


ITIONAL INSTITUTE OF 
WELDING 
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Fig. | Inert-gas welding of stainless steel 


INERT-GAS WELDING 
IN THE AIRCRAFT INDUSTRY 


juthor oullines several applications of inert-gas welding 
of aluminum, magnesium, titanium and stainless steel 


BY J. M. THOMPSON, JR. 


Chis topi boy e due to the increasing 
practical app tion ol ‘ | prin iples that were 
until recently regarded a of physics and only of 
academic inter the most recent de clop- 
ment ire 0 re ri 7. ive, the author will outline 
briefly KHOW! applications ol 
other appheations of 


the aireraft industry 
ding process | used 
nin, magnesium, 


O45 





Fig. 2. Argen gas manifolding system 


Fig. 4 Aircraft structure in fuel storage tank 


titanium and stainless steel aircraft parts. This proce 
ess, which originally used helium as the inert gas shield 
is familiar to most readers. However, it has been found 
that argon is much more satisfactory than helium due 
to the shielding effect afforded by its greater density 
Some aircraft factories are using helium and argon mix 
tures usually in the ratio of one part helium to three 


some of the current applications of inert-gas welding 


parts argon following illustrations will show 
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Fig. 6 Scallop weld joints in fuel storage tank 


Fig. 7 Welded magnesium instrument panels 


Figure 2 shows the manifold system used 
a constant pressure supply of argon gas to a battery 
inert-gas tungsten-are welding booths, one of which « 
be seen in the background. A line pressure of appro 
mately 20 psi is maintained in the system from three 
cylinders at all times. The cylinders are used and 
changed in banks of three, thus maintan ig oOntinuou 
service and line pressure 

Figure 3 shows a welding operator using the inert-ga 
manual welding method to join aluminum alloy parts 
He is welding a collar machined from 61S aluminum 


alloy to a 528 aluminum alloy tube. The filler metal 
which is 438 aluminum alloy, is being fed manually into 
the weld by the operator 
Figure 4 is an end view of a large gasoline 
tank 


bulkhead structure used in its construction 


Note the typical, riveted and lightened 


Figure 5 shows one method used for making 


eted joints leaktight. These 568 aluminum 
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Fig. 9 Checking flatness of part on holding fixture 


heads were inert-are welded to the 528 aluminum alloy 
skins with 438 alloy rod. One quarter inch diameter 
rivets were driven and a “skip” welding technique was 
used to seal the joints. Approximately one-half the 
circumference of the rivet heads was welded and 
allowed to cool before the other half was welded in 
order not to place undue strains on the skins. Note 
the use of the fish tail scollop joint. This was used to 
provide greater strength and rigidity in the weld joint 

Figure 6 shows the tank after completion of welding 
and ready for subsequent pressure testing 

Figure 7 represents a typical welded magnesium air- 
craft. panel Note how tack welds are used along the 
remforcing rib members for rigidity of panel. The 
finished part at the bottom of the picture has had the 
excess weld bead removed and contoured to the surface 


Note the 


100°), penetration around the edge of panel on under 


of the panel members by rotary cuttes 


neath side of top panel 

Figure 8 shows the tooling fixture required to hold 
this part during the welding of the outer flange. It is 
also required during the tack welding operation The 
fixture has access holes for performing the tack welding 
in place. Note the rollover type portable table 
The quick action clamps are practically invaluable in 
our plant’s welding department 

Figure 9 is another view showing the part placed in 
the welding fixture after completion. This part has 
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had the weld bead ground off and has been stress re- 
lieved at 600° F in another fixture to relieve weld 


stresses Although correct tooling and welding se- 


quence are Cs ential, some distortion 1s expected and 


stress relieving helps obtain proper flatness 
The lead illustration, or Fig. 1, shows an operator 
The extra 


preparing to weld a stainless steel part 


rubber hoses shown serve to maintain a constant flow 
of inert gas into the interior of the part in addition to 
furnishing exterior protection through the torch head 
This precaut on prevents internal oxidation of the part 
and helps increase welding speed. Strips of tape cover 
the drilled holes in the part and permit complete cover- 
age by the inert gas Chis method of weld protection 
was developed as : lt of our titanium welding 
program 

The next five illustration how some of the detail 
parts that were fabricated from commercially pure 
titanium \ll of these parts were secondary structure 
and were used in the fire extinguishing system, for cowl- 
ing support brackets, et. These parts replaced 321 
or 347 stainle teel and some 4130 chrome molyb- 
denum steel tubing The welding of these titanium 
parts presented numerous problems since titanium has 
a definite affinity to absorb oxygen, hydrogen and ni- 
trogen from the atmosphere at elevated temperatures 
have an embrittling effect, inert 
Due to 


the many different configurations of weld assemblies, the 


and, since these gases 


gas shielding during welding was mandatory, 


problems of shielding the weldment and heat-affected 
zones were very challenging Assemblies had to be 
given individual consideration as to methods of intro- 
ducing inert gas to adequately shield all heat-affected 
Most tool- 


ing fixtures had to be changed to permit points of entry 


zones as well as the weldments themselves. 
for inert gas into tubular structures and sometimes 
small chambers or voids were created for adequate inert 
gas coverage on heat-alfected zones 

The actual welding of titanium required a welding 
technique very similar to that used for stainless steel, 
Therefore, personnel who excelled in the welding of 
stainless steel were selected to weld titanium. These 
men were given instructions and then were required to 
practice welding for approximately ten hours on com- 
mercially pure scrap titanium of different gages before 
being permitted to weld production parts 

\lternating-current welding machines were used orig- 
inally in the welding of titanium. However, through 
trial and error, it was found that the d-c machine and 
straight polarity produced a more stable are due to the 
low thermal conductivity of titanium 

\ '/»-in. diam. tungsten electrode was employed for 
almost all applications of welding. Due to the small 
diameter of the electrode, the are was less erratic per- 
mitting the operator to produce more uniform welds and 
A standard No. 


6 ceramic cup was found to be of no value since the 


to weld in almost inaccessible areas 


opening was too small to permit an adequate flow of 
weldment. A No. 10 cup with 


atisfactory and was used 


inert gas to shield the 


a’ In. opening proved very 
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Fig. 10 Welded titanium assembly 


Fig. 14. Typical titanium aircraft assemblies 


Fig. 11 Inert gas welding chamber for titanium 


Fig. 15 Typical welding fixtures for aircraft assemblies 


for all welding. 
Figure 10 shows a part of the fire extinguisher 
made of commercially pure titanlum Note again thi 
strips of tape on the prefabricated holes and the method 
of flowing inert gas into the entire tubular tem 
Fig. 12 Inert gas protective measures for titanium Note also the fixture in back of the heat-affected zo 
Which helps prevent oxidation and absorptio! ol h 
ful gases 
Figure 11 shows another titanium part o1 
is necessary to tool a void or chamber for 
inert gas coverage on the heat-affected zon 
velding Due to the intricate design of the 
flange joimt, the inert gas coverage in tubeles 
alone was insufficient 
Figure 12 shows the use of typical tool) 
for purging the heat-affected zones and the 
imultaneously while welding 
Figure 13 again shows a titanium part in the 
ig being flooded with inert gas. In a tubular st: 
of this type, all tubes are interdrilled to permit 
plete flow of argon gas throughout entire 
Note the plugs in ends of tubes with approximaté 
in. diam. tubes extending out These plugs 
drilled with small diameter holes which r 
direct flow of inert gas being expelled and thus | 
adequate coverage. In tubular joints of this t 


Fig. 13 Welding fixture for titanium assembly cessive flow of inert gas is very critical be 
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Fig. 16 Pipes brazed with inert gas shielding 


possibility of “are blow.”” A O.OLO-in. “‘fit-up” gap 
bet ween joints is very desirable; however, it is very hard 
to obtain in ordinary shop production 

Figure 14 shows some of the typical titanium parts 


that were \ , the test program. To date, the 


field and service inspection reports of our company 


cate that none of the welded semblic have 
This is very encouraging since most of the 
subjected to high-evele fatigue load 


As has been indicated in the previous illust 


> number of tooling fixture ire requires 


Fig. 19 Atomic hydrogen welding on tool steel 
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these parts to close tolerances Phe welding fixtures 


shown in Fig. 15 are just a few of those that have been 
used at our plant and are now being stored until they 
are needed to fill spare parts requirements. High tool 
ing costs are encountered in welding the simplest con 
figuration because of the close tolerances necessary in 
the fit-up of aircraft assemblies 

Figure 16 shows a part of the hydraulic system of a 
huge three-dimensional stretcher press that was recently 
installed in our plant. When the equipment was put 
in use, it was found that every pipe joint in the system 
leaked oil with the results that the service pit presented 
a fire hazard. This leakage is understandable since 
the 5000 These 


joints were brazed to prevent leakage. Since this sys- 


tretcher operates at psi pressure 
tem contained hydraulic oil and had very close fitting 
alves, it was decided that inert gas should be purged 
throughout the system during brazing in order to pre 
ent sealing that might clog or impair the highly sen- 
itive control valves, This, of course, is an exceptional 
use for inert gas 


Another 
demonstrated by hig 17 


interesting use of inert gas in aireralt ts 
The retort contains a stain 
less steel honeycomb sandwich panel, Here an attempt 
is being made to copper braze a metallic core to covering 
kins. In order to do this, a dry hydrogen atmosphere 
is employed in the electric furnace. As a safety pre 
caution, the part is purged with argon gas before it 
enters the furnace, During the cooling cycle, the part 
Is gail purged with AZO Gus Ws salety precaution iis 
well as to prevent sealing. This is accomplished by the 
use of a system of quick disconnect valves 

Figure 18 shows a brazed panel; the honeycomb effect 


This is 


of the core material can be seen at a close look. 


Fig. 20 Atomic hydrogen welding equipment 
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typical of very thin skins on the order of 0.005 ; 


Figure 19 presents the extreme opposite of inert 


The 


one ot 


velding operator is welding with atom 


drogen, the most active gases known | 
elding an oversize hole in a piece of tool steel wit! 
of the same composition 
holds two tungsten electrodes As the hydrog 
flow 
down into its atomic form. This gas produces a h 
reducing atmosphere over the work and allow 
high temperature welding to be accomplished 
Figure 20 shows the atomic hydrogen weld 
ral 


chine, the eylinder of hydrogen and sev 


electrode holders in detail. 


The author has attempted to show some of 
of inert gases in different types of welding of 
parts at his plant No doubt, more complheat 

than these are being welded by others and some 
more advanced methods are being used by them 

air is installing a constant-potential, inert-ar: 
hielded automatic welding machine on which the 


r speed and the feeding of the consumable meta 


1ige 


the weldment will be governed automatically by 
controls \ 


tronu constant-potential 


electrode, inert-gas-shielded are-welding mach 


being used on some very heavy aluminum weldm« 
Soth of these applications will employ argon as a 
is shield 

The continued use of inert gas in the aircraft ind) 


is assured and, as high performance aircraft aré 


veloped, new applications of these welding proces 


will be engineered into their structures 
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** Recent Developments on 
Contact Electrodes” 


by DL. Mathias 


In the 


Wetoine Jounnar, page 324, col 


April 1955 issue of Tu 


last paragraph, line 


should 


umn 7, 


“Mn/ Sv’ ratio read 


Si’ Mn ratio. 


The Editor 
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Hand welding a restraint joint in chrome-steel pipe 


HAND WELDING 


5-CHROME AND 9-CHROME PIPE 


Commonly used welding procedure requires stress relieving immediately 


afler welding. 


Author describes alternate procedure which produces 


welds with equivalent properties, bul at lower fabrication cost 


By W. J. LESTER 


ABSTRACT Weld eracking and hard, brittle zones in 
ind 9-chrome pipe may be overcome by preheating followes 
stress-relief treatment. The welding procedure that is in com 
mon use requires stress relieving immediately after welding 
This paper describes an alternative procedure that allow cooling 
from the preheat temperature to ambient conditions after a hr 
postheat at 500° F Stress relic ving follows later at some more 
convenient time. The use of this procedure produces welds as 
satisfactory as those immediately stress relieved, but at lower 
fabrication cost 

Both procedures were investigated under two different levels 
of restraint high restraint and low restraint Mechanical tests 
in accordance with ASME Code Section IX, impact tests, \-ra 
examinations were 


that both 


microhardness surveys, and microstructure 


made on welded pipe coupons The results show 


W. J. Lester is associated wit 


Presented at the 
28-Apr. 1, 1055 


JuLy 1955 ater 


procedure result welds that are 


free of cracl that mee 3\ ode requirements and that 
have equiv 
The effect o ‘ hr postheat at 500° F was studied. The 


e postheat act i low-temperature temper- 


results show tha 


ing operation t softens the hard martensitic structures in the 
weld and increases ductility and impact strength. The cumula- 
tive result prevents cracking of the weld when it is cooled to 


umnbient temperature prior to atre rehel 


Introduction 

Oil-refining processes of today often require the use of 
5-chrome and 9-chrome alloy-steel piping. The pipe 
is usually joined in the field by hand welding. Special 
procedures must be used to prevent cracking and the 
formation of hard, brittle zones. This paper compares 
the hand-welding procedure commonly in use with an 
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alternate method used successfully for several years by 
Our Company 

The procedure that is in common use involves three 
We will call this procedure No. |] Preheat to 
100 to 600° F. Weld and maintain 
Then stress relieve at 1325 


without allowing the weld 


steps 
a temperature ol 
the preheat temperature 


to 1375° F immediately, 








ee: 


Fig. | Joint detail—Schedule 80 pipe 


Note microhardness indentations 
Fig. 2. Pipe-weld cross section, 9 chrome steel—procedure 
2—restrained. X3 


TACK-WELDS 
AFTER ASSEMBLY 


3 FILLET-WELD 





a FILLET-WELD 





> 
Fig. 3 Pipe restraint jig 


O42 Lester 


Welding ¢ hrome Pipe Tut 


region to cool below the minimum preheat temperat 
Chis procedure produces good welds. But it 
a serious scheduling problem in field welding 
creases fabrication cost 

The alternate procedure, No. 2, allows the 
cool from the preheat temperature to ambient 


tions before stress relieving \ preheat of 500° F m 


imum is used and this temperature is maintamed during 


welding, followed by a postheat at 500° F fo 


Che weld is then allowed to cool to atmospheri 


perature, and stress relieving at 1325 to 1375° F follows 


later at some more convenient time. This procedut 


eliminates the scheduling problem and reduces cost 


Test Work 


Both procedures were tested under 


two 


ailfere! 
low restraint 


and 9 


levels of restraint--high restraint and 
\ number of joints were welded in 5-chrome 
chrome pipe and a comparison was based on the follow 
ing tests: tensile, bend tests, Charpy impact tests 
X-ray 


aminations 


microhardness surveys and microstructure ey 
In addition, the effect of the 500° I 


hardness, im 


post 
heat on four metallurgical properties 
pact strength, tensile properties and microstructure 
was determined 

Che welds were made in 6-in., Schedule 80 pipe, put 
chased to ASTM Specifications A335-P5 and A335-P9 
rhe welding electrodes were AWS 5502-15 for the 5 
chrome pipe, and Type 505-15 for the 9-chrome pipe 
both '/, in Table 1 the chemi 


in diameter lists 


Restrained coupon Unrestrained coupon 


welded in jig 


Fig. 4. Pipe coupons 
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Table 1—Chemical Analyses 


5-Chrome )-Chrome 
Element % Pipe Weld Meta Pipe Weld Metal 
Carbon 0.10 0 07 0 13 0 O08 
Manganese 0 29 0.55 0 36 0 38 
Phosphorus 0 02 0 02 0 02 0 02 
Sulfur 0 001 0 001 0 00: 0.004 
Silicon 0 38 0.27 0 30 0.27 
Chromium 1 91 §.18 8 26 8 O03 
Molybdenum 13 0 3 0 0 74 





Table 2—ASME Code Tests Pipe Welds 


Tensile strength, psi 


Specimen Spec 


5-( ‘hrome 
Not restrained 
Procedure | 
Procedure 2 
Restrained 
Procedure l 
Procedure 2 
9-Chrome 
Not restrained 
Procedure | 2,000 82 000 
Procedure 2 ROO 80, 200 
Restrained 
Procedure ] 700 1,500 
Procedure 2 82,600 82,000 





Nore: All tensile specimens broke in base metal All root 


and face-bend specimens passed 


5 CHROME 


Procedure | Procedure 2 


9 CHROME 


Procedure | Procedure 2 


/;-FULL SIZE 
Fig. 5 ASME Code root bends of restrained pipe welds 


Jury 1955 Lester 


analyses of these materials 

The pipe bevel was the standard 37'/,-deg, straight 
bevel. Figure | shows the joint detail. Figure 2 shows a 
typical weld. The root spacing was '/i5 in. A gas torch 
was used to preheat the joint to the specified tempera 
ture and to maintain this temperature while welding 
Commercial temperature indicators were used to in 
dicate the temperature within limits of 25° F. Post 
heat and stress-relief treatments were carried out in an 
electric furnace equipped with automatic controls. 

Che unrestrained pipe joints were hand welded in the 
flat position on a welding positioner. One coupon was 
made for each of the two welding procedures and one 
for each of the two pipe specifications—four in all. 
The restrained pipe joints were welded in the horizontal 
fixed position, and in the vertical fixed position. Fig- 
ure 3 shows the specially designed jig used to provide 
high restraint condition Figure 4 shows a typical 
coupon for each condition of restraint 

Two methods were used to determine the effect of 
postheat: (1) A bead-on-plate method to allow micro- 
structure and hardness studies on the weld, and (2), 
an isothermal heat treatment method to study the 
effect on impact strength and tensile properties. The 
procedure for the bead-on-plate method was to make 
single weld beads on pieces of 5-chrome and 9-chrome 

pipe preheated to 500° F #25 F. Then 
the pieces were held for various periods of 
time at a postheat temperature of 500° 
The procedure for the 


isothermal method was to heat 9-chrome 


I and “ir cooled 


bars, made from the pipe and from weld 
metal, at [860° F for 50 min to produce a 
homogenous austenitic microstructure. 
Then the bars were quenched in a salt 
bath at 500° F 45°F. They were with- 
drawn after various holding periods, fol- 
lowed by quenching in water to room 


temperature 
Test Results and Discussion 
Table 2 lists the results of the ASME 





Table 3—Charpy-Keyhole Impact Tests 
Pipe Welds 


Impact atrength, ft.-lh 
4 , At 
>-(Chrome weld me 
Not restrained 
Procedure | 
Procedure 
Restrained 
Procedure | 
Procedure 2 
9-Chrome weld metal 
Not restrained 
Procedure | 
Procedure 2 
testraimned 
Procedure i 


Procedure 2 2} 24 





Nore: Specimens were */, full size 
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"9-CHROME | | 


| 
WELOMETAL INTERFACE 
| 


PROCEDURE | RESTRAINED 
_| "= PROCEDURE | UNRESTRAINED _ 


seweeeees PROCEDURE 2 RESTRAINED 
PROCEDURE 2 UNRESTRAINED 
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MILLIMETERS 


Fig. 6 Microhardness surveys—pipe welds 


tensile and bend tests on pipe-weld specimens, All result for unrestrained 5-chrome weld metal indicates a 


tensile specimens broke in the base metal at values preference for Procedure 2. But the scatter of the 


above the specified minimum. The root- and face-bend individual results is as great as the difference shown in 
specimens were all satisfactory. Figure 5 shows typical the comparison. 
equivalent. 


The conclusion is that the results are 
bend coupons 
Table 3 lists the average of three impact-test re 


sults on weld metal from pipe welds. The average technique 


The pipe coupons were X-rayed using an oblique 
And test pieces were X-rayed after being 
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5 CHROME WELD METAL 


Procedure | 
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Fig. 7 Microstructures of pipe welds 


cut from the pipe coupons. All welds were found to be 
free of cracks 

The results of the microhardness surveys are plotted 
in Fig. 6. The interface between the weld metal and 
the heat-affected zone of the base metal is the reference 
line. The results show that welds made under high 
restraint have a higher hardness level than the unre 
strained welds. Procedure 1, under conditions of high 
restraint, tends to produc e a higher hardness 

Figure 7 compares the microstructures resulting from 
each procedure. There is no detectable difference in 
the microstructure of the weld met il or the heat-affected 
zone. 

The degree of restraint was obtained from strain 
measurements made during welding in the restraint 
jig. These measurements record the total contraction 
of the jig from the start to the finish of the weld A 


stress calculation shows that this contraction intro- 
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Procedure 2 


Magnification, X 500 


duces a stress of about 37,000 psi in the pipe at 500° F 
This exceeds the yield strength of the 5-chrome and 
9-chrome pipe at this temperature 

Figure 8 is a time-temperature transformation dia- 
gram for 5-chrome steel. ‘The time-temperature curves 
for the two procedures are superimposed on this dia- 
gram. The transformation boundaries will be some- 
what displaced for welding conditions, but not enough 
to affect the discussion. Since martensite formation is 
a temperature-dependent process, the M,, or point 
where martensite starts to form, will not change. 

During welding, the weld metal and part of the heat- 
affected zone reach temperatures above the upper crit- 
ical temperature-—A When this metal air cools 
along the time-temperature lines shown in the diagram, 
martensite starts to form at about 815° F. At 500° F, 
And the 


hardness at room temperature is about 350 Brinell for 


the transformation is over 90% complete. 
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Fig. 8 Time-temperature transformation diagram for 5-Cr, '/,-Mo, 0.1-C steel 
with superimposed time-temperature curves for two welding procedures 
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Fig. 9 Microhardness surveys—effect of 500 F postheat on Fig. 10 Microhardness surveys—effect of 500 F postheat 
a single-bead weld on 5-chrome steel on a single-bead weld on 9-chrome steel 
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the 5-chrome weld, and 400 Brine! 
weld 

The hardness at room temperature decreases when 
the weld is held at 500° F for 


Figures 9 and 10 show the drop in hardness 


hr, and then is ai 
cooled, 
This softening increases ductility as a result of 
the 


treatment reduces the magnitude of thermal and trans 


tem- 


pering. In addition, low-temperature postheat 
formation stresses 


ched 
Table 4 lists the results of the 


The impact strength increases when the quer 
steel is held at 500° F 
The 
Holding for 30 min at 500° F raises the impact stre 


isothermal tests were , lull size 


igth 


- 


This effect. is not 


specimens 


of the simulated heat-affected zone 
reflected in the impact properties of the weld metal 

Table 5 
Tensile and yield strength decrease when the quenched 
steel is held at 500° F for '/. hr 


and reduction of area increase 


The results of the tensile tests are listed in 
Values for elongation 
These effects of the 
500° F postheat result in increased ductility in both the 
heat-affected zone and the weld metal 

Figure 11 shows the microstructures of the isotherm- 
ally heat-treated specimens. Under the microscope, it 
is not possible to detect any changes due to the 500° F 
postheat. 


Conclusions 

The results show that both procedures produce welds 
that have equivalent mechanical properties and micro- 
The welds are free of cracks, and they meet 
ASME Code requirements 

The postheat for '/, hr at 500° F has two effects: 
(1) it softens the hard regions in the weld and increases 


structures 


ductility, and (2) it increases impact strength of the 
Both effects make the weld 
sistant to cracking 


weld regions more re- 


Fig. 11 
chrome steel, Charpy bars. 


Microstructures of isothermally heat-treated, 9- 
Magnification, X 1000 


As-quenched to 500 F 
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for the O-« hrome 


Held at 500 F for 15 min. 





Table 4—Charpy-Keyhole Impact Tests, 500” F Postheat 


0-Chrome simula 
ted heat 
iflected zone 
No postheat 
15 min posthe if 
{0-min postheat 
15-hy po theat 
Chrome weld 
metal 
No postheat 
15-min po theat 
}0-min posthe it 


15-hr posthe il 


Investigation 


pact atre ngth, ft-lb 


3 


) 


} 
) 


28 


14 
1 
17 





- There 


Specimens were 


was a pinhol 


in the 


« full size 





Table 5—Tensile Properties, 


9-Chrome simulated 
heat-affected 
zone 
No postheat 
15-min postheat 
30-min postheat 
15-hr posthe at 
9-Chrome weld metal 
No postheat 
15-min postheat 
30 min postheat 


15 hr post heat 


Yield % 


strength 


Tensile 
strength 


pat pst 


tion in 
1-in, 


107,000 
192,000 
192,000 
185,000 


O00 
O00 
OOO 
O00 


181 000 121,000 

179,500 000 14 
176,000 000 15 
173,000 000 17 


elonga- 


500° F Postheat Investigation 


Reduction 
of area, % 


Ww 
1th 
2 





Nove The values 
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are the ave 


Held at 500 F for 30 min. 


of results from two tests 





Arc spot welding of large display cabinet at Falstrom Co., Passaic, N. J. Material is ', \s-in. steel sheet to -in. frame 
members 


INERT-GAS-SHIELDED 
TUNGSTEN-ARC SPOT WELDING 


in investigation of the variables affecting Introduction 
; ; Inert-gas-shielded tungsten-are spot welding produce 
inerl-gas-shielded ltungsten-arc spot weld- circular well between two or miove pieces of 


ing. Includes recommended procedures, Ve" the weld is made in a lap joint it can be 

; sidered——design wise--in much the same mar 

comparisons with resistance spol welding resistance spot weld. The ability to make suc 

, , , in all positions with light, portable, manual equi; 

and Job applications working from one side of the joint has greatly fas 
sheet metal fabrication 

BY C. A. McCLEAN An investigation was conducted to determi 
effects of the variables on welds made in mild 
stainless steel. The results obtained mad 
to establish operating data which can be used 
guide in developing procedures for specific app 


Limited work has been done on other materia 
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as copper, Timken 17-22-AS, Nimonic, cast iron, nickel, 
Monel, 


investigations will covet these materials more fully 


Inconel, titantum and zirconium. Future 


For simplification, inert-gas-shielded tungsten-are 
spot welding will be referred to as are spot welding in 
this paper. 
Equipment 

All of the welding for this investigation was accom- 
plished with the equipment shown in Fig. 1. This 
specific equipment uses direct current, straight polarity 
welding power and employs the automatic touch start 
ing method of are initiation 

The standard unit illustrated in Fig. 1 consists of a 
manual gun and a control cabinet interconnected with 
The gun is 

Both the 


service hoses and electrical leads 25 ft long 
9°/, in. long and weighs approximately 4 lb 
gas nozzle assembly and the electrode grip are wate 
cooled. Power is supplied from a standard welding ma- 
chine capable of providing up to 250 amp with a mini- 
mum open-circuit voltage of 55 at required amperage 
setting. The control circuits operate on 115 v, 60 cycle 
alternating current. Shielding gas flow rate is metered 
through a flowmeter regulator and its flow is controlled 
by a solenoid in the control cabinet Another solenoid 
controls cooling water flow 

To make a weld, the nozzle of the gun is placed 


against the work and the trigger pulled. This starts 


Fig. | Arc spot welding unit consisting of manual gun, con- 
trol cabinet and service connections 
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the flow of cooling water and shielding gas. It also 
closes a contactor in the control cabinet and advances 
The electrode im- 


A weld timer 


the electrode to touch the work 
mediately retracts to establish an are. 
adjustable from 0 to 6 sec opens the welding circuit at 
the end of a preset time. Another timer controls the 
length of postweld gas and water flow time. 

\ second trigger in the forward part of the gun pro- 
vides built-in are length adjustment. 

The components required lor are spot welding are 


shown schematically in Fig. 2 


Materials 
This equipment was designed primarily for steel 


applications. Therefore this investigation was de- 
voted largely to the welding of mild and _ stainless 
steels. All of the fundamentals are discussed as they 
apply to mild steel. Results on stainless steel are 
generally comparable and specifie differences will be 


pointed out 


CONTROL PANEL 


REGULATOR 
with 
FLOWMETER 
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WATER ORAIN 
WATER SUPPLY 
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Fig. 2. Schematic diagram of arc spot welding gun 
allied equipment 


Standards 


Because of the many similarities between are spot 


welding and resistance spot welding, the resistance spot 


welding standards and peciiications were used as a 


guide in establi hing procedure lor are spot welding 
and in evaluating result 
ViIL-W-6858 appeared to contain the 


Sper ification 


most rigorous requirements and therefore was used as 


a& primary relerence 


Test Procedures 
One of the fundamental differences between are spot 


velding becomes immediately 


and resistance pot 
apparent in establishing procedures to be used in de- 
Because 


eloping proce data and ¢ aluating results 


resistance spot welding generally employs two electrodes 


> - 


one on either side of the joint at the point to be welded, 


the area beneath the weld may be considered to be 
pot welds are made from one side of 


supported Are 


Spot i elding O49 
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Fig. 3. Shear test coupon size as specified in MIL-W-6858 





























Fig. 4 Arc spot weld cross section 

















Fig. 5 Net effect of increasing amperage on thin 
material shown by broken line 

















Fig. 6 Net effect of increasing weld time shown by 
broken line 
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Are Spot Welding 


the joint only and therefore the area directly beneath 
the spot to be welded may or may not be supported 
This will depend upon the thickness, size and shape of 
the parts to be joined and the results desired 

A jig was designed to permit welding under conditions 
simulating supported and unsupported joints, i.e., with 
and without backing. The jig provides a level surface 
on which to place the testpieces and a means for align 
ingthem. An opening was provided so that the bottom 
part could bridge the opening to simulate the condition 
of welding without backing. To simulate the condition 
of welding with support directly beneath the area to 
be welded, a block of backing material was inserted in 
the opening in the jig. 

Coupon size, overlap and edge distance are a fun 
tion of the material thickness as shown in Fig. 3 
When dissimilar thicknesses are joined, overlap and 
edge distance are based on the thinner material 

In the preliminary work, one variable was studied 
at a time to determine the practical limits of that 
factor. Every effort was made to keep all othe: 
factors constant. 

All welds were loaded in shear, with the joint un 
restricted, to obtain the ultimate joint strength in 
pounds per spot. It was realized that many shops 
would not have a tensile testing machine and so welds 
were also checked by means of the peel test.* Coupon 
size for the peel test is also based on the material thick- 
ness as shown in Fig. 3. Welds in the lighter gages 
should pull a button. Button diameter measured at 
the base of the button and perpendicular to the direc- 


tion of peel, should be approximately V 7 


How a Weld Is Made 

To make an are spot weld, the heat of an inert-gas- 
shielded tungsten are applied to the top part? must 
penetrate completely through the top part and into the 
bottom part.* The weld diameter, see Fig. 4, must be 
large enough to provide the required strength. Depth 
of fusion has to be great enough for the joint to develop 
that strength. 


* See AWS Wetomse Hanpseoon—Third Edition, p. 983 
+ The part against which the gun is placed 
t The iy to which the top part is joined In multiple laye 


part furthest from the top part 
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Fig. 7 Comparison of typical weld pattern for 
helium and argon 
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The heat to produce a resistance spot weld is obtained 


from resistance of the work to the flow of electrical 


current in a circuit of which the work is a part 
Variables 
Each of 


weld 


making an are 


efiect 


the factors involved in 


will be its 


basis of 


these 


discussed on the 
single The effects of 


on reproducibility under shop conditions are 


spot 


on a weld variables 


covered 
under the heading of “ Reproducibility 


Amperage 

If the two pieces are approximately the same thick 
ness (in the lighter gages), the major effect of increasing 
the amperage is to increase the depth of fusion. It also 
produces a slight increase in weld diameter as shown 
by the broken line in Fig. 5. If the bottom part is con 
siderably heavier than the top part, increasing the am 
weld diameter. In the 


the 


perage will generally increase 
gages (both 
thickness), increasing the amperage will increase 


depth of fusion up to a point and further increase in 


same 


the 


heavier pieces approximately 


amperage will increase weld diameter 


Weld Time 
The major effect of increasing the weld time is to 


increase the weld diameter. It also produces a slight 
increase in lepth of fusion as shown by the broken line 
in Fig. 6 

Shielding Gas 


Helium 
than 
larger weld diameter than helium as shown in Fig. 7 


will generally produce greater depth of 


fusion argon Argon will generally produce a 


Helium-argon mixtures in the ratio of two parts helium 


to one part argon (by volume) generally produce a 


midwav between those obtained 


with helium and argon. The 2:1 
ture has been found to be particularly advantageous 


weld diameter about 
helium-argon mix- 


for producing high-strength, high-quality welds in the 
lighter gages. This is particularly noticeable when 


joining stainless steels 
Shielding Gas Flow 

In general, the flow of shielding gas (helium, argon on 
helium-argon mixtures) should be approximately 6 cfh 
2.83 lpm) 
satisfactory 


For some applications, lower flows have 
flows are 
should be 


proved However, if lowe 


desired to obtain greater economies, tests 


run to prove the suitability of the lower flow on the 
particular application before it is used in production 


The recommended flow of 6 cfh is based on the 


* AWS Werpine Hanpsook, Third 
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Fig. 8 Net effect of arc length 
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Spot Welding 


use of the equipment under normal shop conditions. 
If conditions are such that the entire face of the nozzle 
cannot be brought Into contact with the workpiece, 
higher gas flows will be required. If this condition is 
encountered on a production operation, manufacture of 


a special nozzle to match the contour of the parts will 


generally be more economical than the use of higher 


gas flows 


Electrode 

Because this equipment employs automatic touch 
starting, use of thoriated tungsten electrodes is recom- 
lhe standard unit, equipped for the use of a 
For cur- 


mended 
in. diam electrode, is rated at 200 amp. 
the 200-250 amp, a '/s-in. diam 


rents in range ol 


recommended 

In general, the the 
flat surface in a plane perpendicular to the axis of the 
condition is 


electrode Is 


end of electrode should be a 


Maintenance of end 


more critical when working on stainless steel than when 


electrode proper 


working on mild steel. However, it will also be found 
that a large number of welds can be made on stainless 
steel before the electrode requires attention, 

The end of the electrode will not remain flat and clean 
mild steel as on stainless 


as long when working on 


steel unless the mild steel is clean. However, this does 
not mean that the electrode requires more frequent 
attention when welding on mild steel. The end condi- 
tion is less critical on mild steel. If the end of the elec- 
trode has changed considerably after only a few welds 
have been made, the cause usually is dirty material or 
use of excessive amperage for the particular application, 

For low amperages on extremely thin materials, the 
end of the electrode should be tapered to a blunt point, 
diam electrode used to prevent the are 


or &@ ie lth 


from wandering 


Arc Length 
It was pointed out that the equipment provides a 
length to the present 


This ad- 


means for readjusting the ar 
a result of welding. 
justment can be preset for any are length up to about 

ie 1D it has been found that the best re- 
sults will be obtained on most applications with a '/,¢6- 
is in., the elee- 


amount if it changes a 
Howeve 
If set for much less than ! 


trode may the The probability of 


sticking is greater on dirty material and on hot-rolled 


in. are length 


freeze to work 


steel with mill scale 


Use of arc lengths much greater than '/,, in. will have 


the sume effect on the weld as a long weld 
AMperage ws Long 
the heat-affected zone in the 


somewhat 
time and a low shown in Fig. 8 
are length also increase 

heat 
lite It has 


cessive are length will tend to produce radial crecks in 


input to the nozzle and de- 


also been found that ex- 


top part, increase 


creases electrode 


the surface of welds made in stainless steels 


Material Composition 
In the lighter gages of hot-rolled steel, there appears 
little noticeable difference in the developed 


In 


to he 


strength of welds made in killed and rimmed steel 
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the heavier sections, killed steel produces better results 
In the lighter gages, cold-rolled steel has been found to 
have better weldability than hot-rolled steel. How- 
ever, in the heavier sections, cold-rolled steel behaves 
somewhat like stainless steel in that it can be more 
difficult to obtain adequate depth of fusion into the 
bottom part 


Method of Support 

If the thickness, size or shape of the bottom part 
provides sufficient rigidity so that the parts to be joined 
can he brought into good contact with pressure applied 
by the gun, backing or jigs generally will not be re 
quired. If the bottom part does not have sufficient 
rigidity to permit the parts to be brought into good 
contact with pressure applied by the gun, then some 
means of support must be provided. The method of 
support will depend upon the parts to be joined. All 
jigs for the process can be classified under one of two 


groups 


|. Support is not provided directly beneath the 
point at which the weld is to be made (support 
is applied adjacent to or surrounding the 
location of the weld). 

Support is provided directly beneath the point 

at which the weld is made 
If the jigging falls into the Group 1 classification, the 
net result is much the same as if the rigidity supplied 
With this 


type of jig, the same machine settings can be used for 


by the jig were inherent in the bottom part 
all similar joints. It will eliminate the need for chang 
ing settings when going from a supported part to an 
unsupported part of the same thickness, Even though 
two joints are composed of the same thicknesses of mate 
rials, more heat usually will be required for the joint 
which has backing directly beneath the weld than for 
the joint in which the area beneath the weld is unsup 
ported 

If the area directly beneath the point to be welded 
is to be supported (Group 2), steel or copper backing 
may be used. When steel backing is used (this would 
be the case when welding on a steel table) the surface 
condition of the backing and the bottom part must be 
considered, If these surfaces are clean and the bottom 
part is relatively thin, excess amperage may produce 
fusion through the bottom part and the assembly will 
be welded to the backing Because of this, copper 1s 
recommended as the backing material for joints re 
quiring support beneath the area to be welded. 

The copper backing will permit the use of higher heat 
input without disturbance to the back of the bottom 
part. Amperage and weld time settings that will cause 
disturbance of the outer side of the bottom part of 
unsupported joints, generally will not deface the back of 
the bottom part when a copper backing is used (see 
With a copper backing, stronger welds can be 
Weld strengths equal to 


big. 9) 
made in the lighter sections 
unsupported joints can be made quicker (with higher 


amperage) because the copper backing has the effect 


of producing larger weld diameters 
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Surface Condition and Surface Contact 

Because of the way in which heat is applied, any 
factor which tends to minimize the amount of heat 
transfer into the bottom part will reduce depth of 
fusion into the bottom part and weld diameter and 
Mill scale, 


oil, grease, dirt, paint and other foreign materials on or 


thereby reduce the strength of the joint 


between the contacting surfaces will prevent good 
contact and reduce the strength of the weld. If 
sheared materials are used, the resultant burr can 
prevent the making of a good weld if the burr is located 
in such a way that it prevents good contact between the 
two parts at the point to be welded 

Welds made in hot-rolled steel with mill scale will 
usually “puff up” and the surface of the weld will have 
a shiny, glassy surface. There also may be a slight 
bump in the center of the weld. This can be attributed 
to the gases released by the heat of the welding 
operation but trapped before they can escape 

In many instances it was found that where hot-rolled 
steel was being used, the material was received pickled 
and oiled. Satisfactory results usually can be obtained 
on such material if the oil film is not too heavy. How 
ever, if the weld area represents but a small portion of 
the total surface of the parts, it may be more econom! 
cal to remove the mill scale by grinding or similar 
meals 

The effect of rust on the surfaces was also investi 
gated. In materials up to about 0.050 in., a light film 
of rust appears to have only a small effect on weld 
strength, e.g., rusty, cold-rolled steel (0.048 to 0.048 
in.) was welded “as is” and with the rust removed 
Joint strengths under both conditions were very 


close 


Fig. 9 Effect of copper backing. Both welds made in 
cold-rolled steel, 0.038 to 0.038 in., He-A mixture, '/;»-in. 
arc length, 125 amp, 20 cycles. (Top) No backing. (Bot 
tom) Copper backing 
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Mechanical Surface Contact 

In some applications, the surface contact between the 
two parts to be joined may not be good when the parts 
are placed In position lor welding However with 
pressure applied by the gun, the two parts can be 
brought into sufficiently close contact to permit the 
making of a good weld. Surface contact is more 
critical for stainless steel than for mild steel. Stain 
less steel, 16 gage and heavier, generally requires more 
applied pressure than mild stee! 

In joming light sections to heavy sections, intimacy 
of surface contact becomes more critical because 
amperage settings higher than required for joining two 
light gage parts are usually employed. If contact 
between the two parts is poo! little or no fusion into 
the bottom part will be obtained and a hole may be 
melted through the top part 

On some applications it is difficult to bring the two 
parts into good eontact, even though the top part is 
This problem usually oecurs in the 
Although the sheet may be 


relati ely thin 
welding of large sheets 
relatively thin, the size makes it difficult to press it 
tightly against the bottom part it is tied down with 
welds This is because the periphery of the nozzle 


rests on relatively cold metal and does not permit the 


nozzle to force the top part against the bottom part 
] 
Litt 


If the standard nozzle is replaced with the tapered 
nozzle shown in Fig. 10, better results generally can be 
obtained. By reducing the area of the nozzle in contact 
with the work so that the nozzle face presses on rela 
tively hot metal, it is possible to set the top part 
against the bottom part when the top part heats up 


during the welding cy le 


Material Stiffness 
The stiffness of the material ;: is affected by 


thickness will have an effect trength 


obtainable Arc spot welds a used largely in lap 
joints which place the weld in shea As load in 
creased, rotation occurs For a given material, under 
steadily incre: sing load, rate of rotation decreases 

thickness increases Also, joint trength increases 

rotation decreases As an example of this, a jot 
0.038- to O.O38- in. cold-rolled steel pulled O50 
With the same operating conditions, a joint of 0.038 


to 0.250- in. cold-rolled steel! pulled 1275 |b 


Strength Requirements 


Within the limits of the equipment, are spot 


velding 
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Fig. 10 A tapered nozzle facilitates the joining of large 
thin sheets to heavier sections 
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can equal resistance spot welding strength requirements 
As material thickness increases, adjustments can be 
made to increase joint strength proportionally for 
thicknesses up to approximately '/, in. In the thick- 
ness range of '/i¢ to in., as the maximum weld 
diameter and depth of penetration obtainable are 
approached, the joint strength cannot be increased at 
the same rate, and weld strength levels off at about 


: in. thickness 


Joint Design 

Assemblies generally should be designed to load the 
weld in shear. Edge distance must be sufficient to 
prevent the weld from pulling out of the edge of the 
part at less than required load. Edge distance also 
affects rotation under load. Increased edge distance 
generally will tend to produce slightly higher joint 
strength. Substandard edge distance (less than W/2, 


Fig. 3) generally will tend to re duce joint strength. 


Material Thickness 

Specific thickness limitations cannot be given 
without a complete knowledge of all of the factors in- 
volved. Under the proper conditions of surface 
Cleanliness and surface contact, steel up to '/s In. 
thickness can be joined to any practical thickness of 
steel. However, if the surface condition and _ fit-up 
are poor, it may be more difficult to join two pieces of 

in, steel than it would be to join two pieces of 


s-In. steel under proper conditions 


Face Diameter and Heat Mark as Indicators 

The relationships between the face diameter of the 
spot, the heat-affeeted zone and the amperage and weld 
time settings also were investigated. The surface 
diameter of the arc spot is not necessarily an indication 
trength of the weld. If the 


sumined, the heat-affected 


of the weld size or the 
back of the weld 

zone on the bac ld is a fer better indication 
f the extent of penetration and weld size, This can 
be observed on samples made to establish settings for 


a production job. Or jualitative date are available 


Fig. 11 Arc spot weld with good surface appearance 
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because of the many variables which effect the 


zone at the back of the weld 


Other Specification Requirements 
For many applications, the contour of the weld 
surface is not a vital factor. However, technique 
have been developed to produce relatively flat welds 
that will satisfy most requirements (Fig. 11 
Certain light-gage stainless steel parts presented a 
problem in this respect. Strength and soundness re 
quirements could be met with standard equipment and 
Fig. 12 Macro of arc spot weld made with crater eliminator procedures. However, the slight shrinkage crater pro 
and controlled gas backing, Type 321 stainless steel, 0.050 duced could not he tolerated. A crater eliminator 
to 0.038 in. attachment was developed to correct this conditior 
This unit automatically inserts a high resistance 
the welding circuit at the end of the welding cycle and 
permits the use of an automatically timed low-amperag: 
are lor postheat In addition, low-pressure helium 
backing was employed. With this modified technique 
satisfactory welds as shown in Fig. 12 were made 
Weld quality has been mentioned under the variou 
preceding headings. However, there is one factor 
which deserves specific mention at this point Phe 
zone of highest stress is at the weld periphery. Minor 
defects at the center of the weld usually have littl 





effect upon the weld strength. Quench cracks, which 





can occur in the center of the weld, usually 


have no noticeable effect upon static loading. How 














ever, it is believed that they would be detriment 


AMPERES under eyelic stress. (Fatigue data are incomplete at 

DC STRAIGHT POLARITY . 
SHIELDING GAS FLOW -6CFH ARC LENGTH- & 
MILD STEEL ~ NO BACK-UP amperage and long weld time minimizes qquen h crack 


this time.) It has been found that the use of low 


Fig. 13 Operational curves for mild steel ing With the use of a crater eliminator (and coppe! 
backing on light sections) are spot welds without 


quench cracks ean be produced 


Reproducibility 


Reproducibility is essential if a tool is to prove 


useful and practical on a production operation. With 
this process, it is a funetion of the degree to which 
the variables can be controlled. The desired con 
sistency of results dictates the amount of care that 
must be taken with surface condition, fit-up, ete 


Fig. 14 In addition to the standard nozzle supplied with che Cqmpmnens Rae Geen Feune to be capable of pro 
the gun, other nozzles are available for tack welding: (A) 
for making tack welds in a corner joint; (B) for making preparation 
tack welds in a tee joint 


ducing consistent results equal to the care taken in 


and operation. 


i ; T. R E 
Fig. 15 To provide further flexibility, the Cae MSs. 


standard nozzle can be: (A) machined 
at an angle to fit into a corner; (B) re- 
duced in diameter for attaching small 
clips; (C) provided with a step to locate 
the weld with reference to an edge. 
Special nozzles can be made D to serve 
the same purpose as C. Special nozzles 
can be made E to join parallel tubes. 
For large diameter tubing, relief is pro- 
vided to permit the addition of filler metal 
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| (Amperage —depends upon the power source 
2. Weld time 


ariation in weld timer 


no variation in weld quality trace 


able to 
flow 


ho 


ith 
vork 


and flow W LS 
held 
variation traceable to shielding gas 

/ (re 
be 


trained 


3. Shielding gas proper gi 


control and nozzle against property 


length—a considerable number of welds 


can made before readjustment required \ prop 


erly oper ttor can recognize the need for 


readjustment 
5 Material 


to have an effect 


normal mill tolerances do not appeal 


fy Surtace condition variations nm surtiace con 


noticeable effect and the degree of 


the 


dition can have a 


consistency desired dictates control of urtace 


condition that must be employed 
This 
be calibrated 


training he 


ol Cs the one 


the 


7 Surtace contact factor m 


that 


with 


variable cannot operatol 


enn produce eon 


However proper 


sistent results 
Recommended Settings 
\ family of weld time curves was 
thickness 
the basis 


plotted for the 
investigated 


lig 


materials and combinations 
These data formed for a chart, 13, to 


Fig. 16 Arc spot welding used by Twin Coach, Kent, Ohio, 
as a major assembly tool for attaching steel siding, flooring, 
internal covering and trim 
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ire 


provide operating conditions which will serve as good 


starting points in developing settings. These settings 


are for joining two pieces of the same thickness without 


bane used, approximately 
amperage 

kor 
settings should be sele« 
If the bottom part is thinner than the 


ALR Is 
and weld 


joints dissimilar 
ted according to the thickness of 


If 


higher 


backing coppel 
10% 


recommended 


time settings are 


thicknesses, 


ith 


the top part 
top part, use | heat; if the bottom part is thicker 
than the top use more heat 

Because of the y types of mild steel applications, 


the data 13 were plotted 


Mitt 
those shown in Fig 
trength. If a high-speed op- 
hack of the weld will not be 


such 
sis of 


primarily on the ba 


eration is required, if the 



































Fig. 17 Rebuilding stainless steel semitrailer. Material is 


22 gage siding and 16 gage frame members 


visible in the finished product and if a slight amount of 
excess penetration can be tolerated, a high amperage 
weld time can be used. Other operations 


and longer weld time to 


with a short 


will require a low amperage 


produce a high-strength weld without obvious disturb- 


ance to the surface of the bottom part 
Other Materials 
Although this inve 
a limited 
Field data are being assembled 
17-22-AS, 
Inconel, enameling grade tron, titanium 
These in 


future investigations 


was devoted to mild and 


bigatiotr 


stainless steels imount of time was devoted 


to other materials 


for materials such a copper ‘Timken 
nickel, Mone! 
and zirconium materials will be covered 


Special Nozzles 

The copper gas nozzle which is placed in contact 
with the work can be easily removed and replaced with 
a special nozzle. A standard nozzle can be modified 
or a new nozzle can be made to suit specific applications 
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Fig. 19 Stainless steel component for 


air conditioning unit 


Fig. 18 Welding 16 gage stainless 
steel (Type 304) to 11 gage stainless 
steel frame for meat trays at Glasco, 
Inc., Paterson, N. J. 


and to provide a built-in jig for locating the weld 
Samples of such nozzles are shown in Figs. 14 and 15 


Types of Applications 

The many applications for which this equipment is 
suitable can be divided into two groups on the basis of 
its use as (1) a primary tool or (2) a secondary tool 

As a primary tool, it can be used in light-gage meta! 
fabrication involving lap joints of the type generally 


Fig. 21 Tack welding housing of 16 gage mild steel prior 
to final welding with inert-gas tungsten-arc at Falstrom Co. 
Passaic, N. J. 
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Fig. 20 Production rate of these 
large cabinets was increased sub- 
stantially by redesign to take advan- 
tage of the arc-spot welding process 


by Claus Mfg. Co., Cleveland, Ohio 


rhese 


impra 


employed in resistance spot welding ipplica 


tions usually involve joints which are tical 


resistance spot weld because of location of the weld 
size of the parts o1 the number of welds to be made 
\re spot welding can be used in place of plug welding 
riveting and self-tapping screws in assembly and repair 
applications where its use will speed production by 
List) 


reducing the number of operations. The process 


; 


can be used to joi parallel tubing and sheet meta O 


tubing. Because of its versatility and the ease with 
which it can be adjusted to meet various requirements, 
are spot welding should prove valuable in model and 
prototype shops. 

As a secondary tool, it can be used for tack welding 
othe! 


parts together prior to assembly with 


methods. Small, uniform welds can be mace 
and thereby minimize or eliminate the need for | 
found 


offic c 


equipment aut 


Applications for this equipment are 


manufacture of such items as equipment 


kitchen 
truck 


tubular 


furniture, and restaurant 


mobiles, and trailer bodies, railroad cai 


equipment, members, toys, strapping 


coils in mills and warehouses, aircraft parts 
ditioning equipment, gear and chain guard 
baskets, 
terminals, attaching brackets and clips, attaching 


tack butt, 


former parts, straimer electrical lead 


plates, welding corner, edge 


joints 


\ number of typical applications are 


16 through 21, as well as in the 


higs 
graph 
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Placing a titanium sheet within a longitudinal cantilevered hold-down welding stake, in preparation for inert-gas tungsten-arc 
welding 


TITANIUM ALLOY WELDABILITY 
AND CORRELATED METALLURGY 


Krtensive test program indicates thal (C-ALIO-AT is the experimental designation given to the 
: ilpha gy elements are aluminum and 
alpha and alpha-beta titanium alloys 


lesignation given to the alpha- 


are readily weldable by the wt alloy. Manganese is the beta stabilizer and aluminum the 


ineri-gas tungslen-arc process loys have been found to be readily weldable by the 


le tungsten electrode process, 


BY H. L. MEREDITH AND C. W. HANDOVA he weldability of these two proprietary alloys was determined 
) ral pes o t iost unportant tests were weld 
bend tests, tensile ts ind ei lar patch weld restraint tests 

ABSTRACT. Two proprietary high-strength  titani Ho Weld bend test owe hat the alpha alloy could adjust itself 

vere developed for the purpose of finding a weldable mat nore readi bending stresses (min bend radius of 5t) in the 

with properties equal to that of the 8% mangane tj is-welded condition than tl ilpha-beta alloy (81). However, 
illo. the latter's mini m nd radius could be improved to 4t by 
The 8% manganese titanium all echanical properties local torch transform i heating of the weld and heat-affected 
700° F were considered to be good but the alloy’s weld zone and consequently w onsidered highly satisfactory for its 
vas found to be unsatisfactor intended applicatio ither alloy, welds in square butt 
One of the proprietary alloys was an all-alpha tit im. allo joints produced weld joint t efficiencies exceeding 100% 
the second was an ilpha beta t nu y both at room te 
The circular patch weld restraint test was used to reflect, in a 
H. L. Meredith and C. W. Handova are ‘ with North Amer qualitative ner, the ability of 


4 I I Calif each alloy to withstand residual 
viation, Ine Jowney alil 


stresses set up by manual welding procedures and also potential 
Presented at the AWS National Spring } al t J 


7-10. 1955 “train aging ¢ flects on j i ) and weld a stressed. 
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The as-received welded alpha-beta alloy was found to be crack 
sensitive with normal room temperature aging. The circular 
patch weld restraint specimens developed transverse cracks 
through the welds approximately four months after welding. 
However, material which had been vacuum annealed prior to 
welding did not develop transverse weld cracks after welding 
Vacuum annealing is a process used to stabilize the subject ma- 
terial and at the same time remove interstitial hydrogen. Thus 
by comparing the behavior of the circular patch weld restraint 
tests on the alpha-beta material it became apparent that exces- 
sive interstitial hydrogen causes an unstable condition, This 
unstable condition gradiently becomes worse with normal room 
temperature aging and subsequently is likened to strain aging 
Actually it is suspicioned to be a gradual diffusion of the hydrogen 
in the alloy to areas of high stress and subsequently reducing the 
duetility of the material in these areas 

Vacuum annealing (degassing) of RS-110-BX sheet, which con- 
tains hydrogen in excess of 130 p.p.m. (0.013 H,), has become 
common practice, in order to render the material more reliable 
for forming and welding applications 

The as-received alpha alloy was not found to be as crack sensi- 
tive as the alpha-beta alloy. Circular patch specimens continue 
to be crack free six months after welding. 


PART I—METALLURGY 


Much work on the welding of commercially pure 
titanium has been done during the last few years and in 
general it has been accepted as a material which can be 
joined successfully by welding. Alloy titanium has, on 
the other hand, been classified as lacking weldability to 
a large degree. For the purpose of this discussion 
“weldability” is defined as the capacity of a metal to be 
fabricated by a prescribed welding process and pro- 
cedure without undue detriment to its service properties 
ona given application. Since pure titanium is relatively 
weak when compared with other available materials, its 
use is much restricted, Full advantage and large scale 
usage of titanium will come about only with high- 
strength titanium alloys, a large part of them of the 
alpha beta type For their broadest use, joiming by 
welding must be successfully accomplished. 

North American Aviation, Downey, recognizing the 
potential usefulness of high-strength titanium alloys for 
missile application, embarked several years ago upon a 
large seale titanium alloy welding program. All avail 
able commercial titanium alloys plus several experi 
mental alloys were considered. To date we have weld 
ing results on a large number of these alloys. Only 
fusion welding is considered within the scope of this 
paper 

Preliminary welding studies eliminated and/or 
narrowed down the number of alloys suitable for weld 
ing. An alloy showing some promise in the prelimi- 
nary tests Was subsequently given a comprehensive eval- 
uation as will be shown later on. The approach to the 
welding study was more of a “scientific” rather than a 
“eut-and-try” method. All available information such 
as equilibrium diagrams, chemistry, heat treatment and 


metallographic analysis was applied. As stated above 
it was recognized that certain alpha-beta alloys showed 
This paper, in the main, will be concerned 
with a discussion of RS-110-BX. 

RS-110-BX, the alpha-beta alloy used in this in 
vestigation, is by chemical composition 3.59) manga- 


promise 
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nese, 1.5% aluminum, the balance titanium. The 
structure of the hot-rolled and stabilized annealed 
structure is composed of small beta islands in an alpha 
matrix. The manganese, having low alpha solubility in 
titanium, and being an alloying element whose equilib- 
rium diagram is of the eutectoid type, results in this 
alloy having a broad alpha-beta field. Therefore, the 
RS-110-BX is of a heat treatable nature and sensitive to 
temperature, time at temperature, cooling rates and 
aging phenomena. All of these factors are operative in 
fusion welding. By studying the basic response of an 
alloy with the use of these variables, its weldability can 
be predicted. Also, a knowledge of the mechanics of the 
alloy system involved can be used to determine the 
welding approach and necessary welding process 
modification. 

Studies of the structures produced by conditions 
similar to those encountered during welding on the 
RS-110-BX were made. This alloy on rapid cooling 
produces an acicular martensitic-like structure called 
alpha prime (Fig. 1). 
quenched to produce this product revealed strengths 


Tensile tests of specimens 


over 160,000 psi and elongation as low as 2% in a 2-in 
gage length. Such a friable structure may, in some 
cases, be acceptable for design but in general is not 
looked upon with favor. 

Submissive acceptance of this alpha prime structure 
need not be. Use can be made of the governing 
equilibrium diagram and time-temperature-transforma 
tion curve to alter the structure or produce an entirely 
different set of constituents. 

Figure 2 shows a hypothetical weld cooling rate 
superimposed on the time-temperature-transformation 
diagram of a 3° manganese alloy. Theoretically, a 
weld cooling in such a manner should not produce hard 
beta since alpha rejection starts at (A) and is complete 
(B) before the martensitic shear temperature (.V/,) is 
reached. The resultant structure of a weld cooled in 
this manner should result in complete pro-eutectoid 
alpha precipitation and high manganese ductile beta 
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This structure, while probably acicular in appearance, 
should have properties approximately equivalent to 
that of the equiaxed alpha-beta parent material (Fig 
3). Production of welds under such ideal metallurgical 
conditions may, however, be difficult to accomplish 
Another method, which may be more practical, for 
increasing weld ductility involves the use of postheat 
Locally heating the weld and heat-affected zone after 
removal of the fast chilling hold-down bars can be 
beneficial. Resolution of the alpha prime to the beta 
phase (Fig. 4) and partial decomposition of this phase 
to alpha under these slower cooling conditions is possible 
Even though large quantities of alpha prime may form, 
the formation of larger discrete alpha needles (with 
their inherent alpha ductility characteristics), causes 
the weld to exhibit less brittle qualities. The slower 
cool may also lend itself to partial aging of the beta 
above the Ms and produce usable ductility. In some Fig. 3 Equiaxed alpha + beta. X 1000 


cases, where sufficient mass is available to further 





retard cooling, equiaxed alpha may form at the beta 900,— 
grain boundaries and lend itself to improving ductility 885 

Using this same approach and heating the structure 
produced on rapid cooling into the alpha-beta range 
improve ductility. Times as short as 10 to 20 see will 
cause dissociation of part of the beta phase with a 
marked thickening of the alpha needles. This is shown 
in Fig. 5. The continuous phase in this photomicro 
graph, is now further enriched with manganese (the 
beta stabilizer) by this rejection of alpha titanium to 
form the Widmanstitten-like orientation. This aids in 


700 


the over-all ductility of the final structure since the 
ductility of the high ailoy betas is an established fact 
Lastly, and the most obvious treatment, would be to 
ignore the products formed on welding and heat treat 
after welding. Due to the complexity of heating thin 
gage welded structures in this manner, this method is 
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not considered within the scope of this work 
The other alloy discussed in this paper is the alpha 
alloy 5°) aluminum, 2.5°7 tin, RC-ALIO-AT As shown 
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Fig.6 Weight percent aluminum 


in Fig. 6 the alpha-beta field of aluminum alloys is very 
narrow and the upper beta transus (A) is several 
hundred degrees higher than that of the alpha-beta 
alloy RS-110-BX 
determined exactly but would be near 1600° F while the 
RS-110-BX MM, is about 1000° F. 

Because of these conditions, when alpha prime is 


The M, temperature has not been 


produced in RC-ALLO-AT, it is not as amenable to local 
heat treating methods. Short heating times, 20 to 60 
sec, below the alpha-beta field will not sufficiently 
decompose the alpha prime and increase over-all 
ductility. As can be seen from the equilibrium diagram 
for titanium-aluminum alloys containing 6°% aluminum, 
temperatures in excess of 1700° F are needed for entry 
into the alpha-beta field. Such temperatures could 
become dangerous from the surface oxidation and sur- 
face contamination standpoint. 

Again, reheat treatment of structures built of thin 
gage sheet becomes extremely difficult due to the high 
temperatures required However, development of 
heating techniques for metallurgically changing the 
properties of the weld area may not be as important on 
this alloy (RC-ALLO-AT) as on the RS-110-BX. Com- 


parison of the shear strengths of base and weld metal 


on both alloys indicates less hardening of the weld 
metal in the RCA-110-AT. The increase was only 
17.5°) while the RS-110-BX increased 30.5°%. As 
ductility generally varies inversely with strength, the 
RS-110-BX weld metal should be less ductile. This 
can be seen from the bend test data shown later on. 
This lack of extreme brittleness indicates that titanium 
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alloys producing maximum amounts of alpha prime 
with minimum amounts of beta upon fairly fast cooling 
conditions can be welded and have the weld culminate 
in useful properties. 

The above is a brief summary of the metallurgy 
phenomena occurring during the welding of an alpha 
and an alpha-beta alloy. The welding engineer con 
fronted with the welding of any titanium or titanium 
alloy would best understand the problems if he would 
first investigate the metallurgical functioning of the 
alloy involved. Recent published articles and private 
reports will help clarify the reactions involved and 
explain the structures produced during the welding of 
titanium. 


PART ll—WELDABILITY 
Weldability Standards 


The prime objective of our company’s current tita- 
nium research and development program is to develop 
weldable high-strength titanium alloys. As these alloys 
are progressively developed,* they are surveyed for 
weldability and formability. The present ultimate 
weld-joint strength target is set at 80,000 psi at 700° F 

Before an alloy can be considered weldable it must 
withstand certain tests which simulate service con- 
ditions. These tests are called weldability tests. The 
term weldability and its meaning was touched upon in 
Part I. It may also be said that a metal is considered 
ideally weldable if a weld joint in the metal under con- 
sideration béhaves mechanically the same as a similar 
piece of unwelded metal. However, for the purpose of 
screening numerable experimental alloys, the term 
weldability as used herein is defined as: the degree of 
ability with which a metal can be fabricated by a 
preferred joining process without undue detriment to 
the metal’s metallurgical and mechanical properties for 
an intended application. The preferred process is the 
inert-gas-shielded nonconsumable tungsten electrode 
process and the intended application is the fabrication 
of lightweight airframe structures for use at high 
temperatures 

On the basis of this definition and with consideratior 
to the requirements established for current airfram 
applications the following prerequisites were used to 
establish the minimum acceptable weldability stand 
ards 

A titanium alloy shall be considered to have good 
weldability if: 

1. Tensile Test——In tensile tests the failures occur in 
the parent metal away from the weld or the ambient 
ultimate tensile strength is at least 90°) of the base 
metal tensile strength. 

2. Bend Test—The minimum 180-deg face bend of a 
flush butt weld has 50°% (in less than 0.062-in. sheet 
joint efficiency as compared with base metal minimum 
bend radius. 

3. Residual Weld Stress Test—The weld does not 
crack during normal welding operations and also does 


* A coordinated effort between titanium producers, WADC and N 
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not crack (without additional restraint other than 
residual stresses set up by normal welding) within a 90 
day period 

} Vechanical Residual Stress Test 
not crack in residual circular patch weld restraint tests 


The weld does 


within 90 days 
5 Strain Aging Test The weld does not crack in 
stressed circular patch weld restraint tests within 21 


days after loading up to the proportional limit 


Scope 

The weldability program was divided into three 
phases. Phase 1 consisted of obtaining fundamental 
screening information to a) determine the semi- 
automatic and manual inert-gas welding characteristics; 
b) obtain mechanical weld strength and (c) obtain weld 
bendability data for qualitative Comparison purposes 
Phase 2 consisted of a) establishing semiautomati 
and manual inert-arec welding procedures; (6) studying 
the effect of residual weld stresses; (c) studying the 
effect of strain aging on welds in circular patch weld 
restraint test specimens and (d) determining the 
allowables for use in 


Phase 3 consisted 


minimum weld strength desig 


building airframe structure 


-_ - s 
5/a min os bo Yamin 


verve: 


| A 
LONGITUDINAL 
Fd PARENT METAL BEND TEST 
PLACE COOE LETTERS ©& COUPONS 
MUMBERS BEFORE SHEARING 
TYPICAL FOR EACH TEST 


- 3g min 
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MECHANICAL 180° BEND TEST COUPONS 
MACHINE INERT-ARC FUSION 
WELDED 


MAKE TENSILE SPECIMENS 
PER HAA OWE. 0626-81022 


MECHANICAL WELD TENSILE TEST COUPON 


MACHINE INERT-ARC FUSION 
WELDED 


hae | 
| | Grain | 


TRANSVERSE 


TT 
24. _3\4_ 4/4. 6/4. 6/4. 7/4. 6] 


using data obtained from the Phase 1 and 2 tests for 
designing and constructing various types of low- 
pressure test tanks and airframe structures 

For the purpose of this report only the technique and 
test results of the Phase | weldability program of two 


alloys are reported on 


Procedure—Phase |! 
Test Specimen Preparation 

lest pane ls, having dimensions as shown in Fig ‘f 
were power sheared from RS-110-BX and RC-A110-AT 
standard sheet sizes. Figure 7 is a predetermined lay- 
out of the minimum allowable tests used for determining 
the preliminary weldability characteristics of each alloy 
tested 

Phe alpha beta alloy, RS-110-BX, used for welding 
tests was from 0.040- and 0.050-in. thick sheet (heat 
R2A-610 analysis of 3.22 Mn, 1.11 Al, 
0.073 C, 0.021 N and 0.031 H 
from the mill were in a hot rolled and stabilized anneal 


having a ladle 


The sheets received 


condition (1250° Fair cooled) with a reported 


ultumate tensile strength of 120,200 psi, yield strength 


of 117,700 psi (set 0.27) and elongation of 17°] in 2 


a 
| 


T | 





CIRCULAR PATCH RESTRAINT WELD TESTS 
MAKE FOUR GPECIMENS @ WELO 
r..'| FUSED 
2 FUSEO @ POST HT LOCALLY 
B T1666 FULLER 
4 PARENT METAL FILLER 





CIRCULAR PATCH RESTRAINT WELO TESTS 
MAKE (WO SPECIMENS © WELO 
6..' FusEO 
rs 2 PARENT METAL FULLER 


Fig. 7 Phase | fusion weldability test layout for titanium alloy sheet 
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Fig. 8 Backing bar groove and hold-down spacing dimen- 
sions for automatic inert arc welding of titanium 


The all-alpha alloy, RC-ALLO-AT, used was from 
0.039-in. thick sheet (heat D31390-2), having a ladle 
analysis of 4.30 Al, 2.60 Sn, 0.13 C and 0.04 N The 


sheets were received from the mill in a hot-rolled and 

stabilized anneal condition with a reported ultimate 

tensile strength of 141,500 psi, yield strength of 136,500 
0.2%, 2in 

All welds 


exploratory 


and elongation of 16.5% , in 


butt 


pai (set 


were to be made in square groove 


that the 


addition of filler metal was not necessary because fused 


joints weld tests showed 
welds (no filler metal added) were just as strong as welds 
with filler metal added 


also considered lo be Necessary due to the difficulty ol 


he idea of fuse welding was 


readily obtaining weld wire having the same analysis as 
each different material heat 
Preparation of the square butt joints consisted of 


power shearing the individual panel halves to rough 


size. The joint edges were then power belt sanded to 
remove edge fractures (caused by power shearing) and 
burrs 








Immediately prior to welding the joint edge 


draw filed with very hard brand new mill files 


vas done to insure having the cleanest possible joint 
using a practical shop tool 
used but jt was not considered prac tical since airfram 
structures are built im sequences vith several] 
delay between fusion welding operations. If, for 
reason the joint edges were handled after draw 


they were recleaned using acetone solvent 


When welding tests were to be made or cuum 
innealed (hydrogen outgassed material the té 
panels were prepared for welding before uum 
annealing. Vacuum annealing consisted of heating the 
panels to 1300° F in a sealed mild steel retort, holding 
at heat for approximately four hours at a pressure of 5 
MmIcrous and then furnace cooled 
Welding 

The weld bend and weld tensile test pan ere 
semiautomatically machine inert-are welded in a 40-i1 
longitudinal cantilevered hold-down stake \ direct 


current-straight polarity rectifying alternating-curren 
welding transformer with superimposed high frequen 


for easy are starting) was used Argon gas was 


the tungsten are and helium at the weld root Argo 


was used at 


Kas 


the are in lieu of helium in 
facilitate easy are starting, and also to minimize the lo 


Helium wa 


used for backing gas because it was the lighter of the tw 


of tungsten due to increased are voltage 


and seemed to protect the weld root with greater ease a 
low flowing rates. High flow rates caused the weld roo 


to be Concave, subsequently Causing an undereu 


condition at the weld root edges 
Figure 8 is a cross section of the tooling used about the 


principh 
that this type of tooling works on has been found to be 


square butt weld joint. The fundamental 


the major contributor to successful titanium welding 


Fig. 8, al 


(As can be seen in the cross-section sketch 


used at 





Pickling could have beet 


t 


\ 


order to 


t 


{ 
| 


‘ 


I 





Fig.9 (a) Cantilevered hold- 
down welding stake 


Fig. 9 (b) 
sten-arc welding setup for 
weld transformation curves 


Fig. 9 (c) Special 
shielding trailer cup 


"“NOOX" 


Semiautomatic inert-gas tung- 


inert-gas- 
determining 
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contaminants are readily excluded trom 


affected areas The proper selection. ol 


groove width, hold-down toe space al d ty pe 


cup prov ides adequate inert gas protection : 


suriace areas Che basic prerequisite ol the hold down 


toes is to make good metal-to-metal contact with suffi 
cient holding pressure. The metal-to-metal contact 
helps prevent the aspiration Of air Irom behind the 


hold-down toe and the h id dow} pressure he tT) to 


t 
restrain the weld jomt and also conduct the heat away 
which in turn minimizes distortion and heat-affected 
zone enlargement 

The hold-down toes and backing bars used were made 
from hard copper Copper was not used only for 
chilling: it was used because it was the only material 
mass Vs. Ma that would not fi 
vith molten titanium 


Several views of the cantilevered hold-dow) 
take are shown in Fig. 9 

The welding stake was 
types of tra‘ el carriages and adaptable welding heads 
Also included in the stakes construction is a means for 
adjusting the backing bar mandrel up and down and the 
coppe! hold-down feet im and out lor a research weld 


ing stake, these adjustments were found to be ery 


important in determining the optimum relationship 
between hold-down space and backing bar groove width 

In Fig. 9a a small inert-gas-cooled vertical and 
horizontal adjustable welding head is attached to an 


oxy-acetylene travel carriage Thi welding head Is 


used for welding flange joints in thin gage materials 
Figure 9b shows a more complicated velding head etup 
The welding head is also adjusted manually but it is 
connected to a proprietary electrically operated panel 
Chis particular panel was designed to help simplify weld 
starting and stopping. Upon pushing a start button the 
inert gas automatically comes or t few seconds later 
the welding are strikes and then as soon as the maximum 
current density is established the travel carriage moves 
it a preselected welding speed (pon pushing a stop 
switch, the travel carriage and ar top simulta! 

and then, after a preselected time delay, the 


tops flowing These feature are 


| mport 


because @ poor start or stop genera ly ey mori 
ment of the weld, especially so if the 
pre- or postpurge properly 

Figure 9c shows a close-up oblic 

pecial (no-oxidation) trailer cup 
ith mert-gus shield at the tungste 
the are over the solidifying vel 
de eloped during weldability 
titantum for the purpose of 
veld and heat-affected zone cooled 
WH” I 


toes and backing bar 


Also seen in | ig. We re the copper 


Cireular patch weld restraint specimet ere manu 
ally inert-gas tungsten-are welded in a copper plate 
fixture. The fixture is shown in Fig. 17 \ standard 
water cooled inert-are welding electrode holder was 
used with a standard large size shielding cup. Argon 
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gas Was employed at the su tained tungsten are and 
helium gas at the weld root \ d-c rectifying welder 
with superimposed high frequency was used. The 
welding polarity was straight (electrode negative) 
Bendability Efficiency 

\ minimum 180-deg bend radius test was used as a 
qualitative test for determining whether the weld 
settings used were producing the most ductile weld 
The minimum bend radius of the parent metal was 
compared with the minimum bend radius of a weld in 
the same parent metal. For evaluation purposes, a 
bendability efficiency rating of the weld’s minimum 


bend radius Wis « ileculated a follows: 


Jase metal minimum bend radius 


100 
Welded metal minimum x 


nd radius 


tage of weld bendability 


Base Metal Bend Tests 

The longitudinal an erse grain minimum bend 
radius of each alloy was determined by bending 
specimens in a 180-deg Di Acro guided-bend test fixture 
hown in Fig. 10 Fundamentally the test consists of 


placing a strip of metal vide next to a round pin 


Fig.10 180-deg guided-bend test fixture 


ng pin is then snugged 


up against the opp le of the strip and pin. The 


free rolling hed about the center pin 
causing the 


The first 


Ize If the 


yund the pin 

around an arbitrary pin 
all before a 1S80-deg bend 
vas made h 4 if bends were made with 
maller pi ft d was obtained without 
failure It led in the first bend test 
then consecut e made with larger pins 
until a [SO-deg ber rial 


Weld Bend Tests 


Bend tests 


vithout failure 


vere performed on welded specimens in 
the same manner that base metal tests were performed 
If the weld was made parallel to the grain direction, the 
If the weld was 


specimen produced trai erse data 
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Fig. 11 (a) Minimum bend radius in alpha-beta titanium alloy 


RS-110-BX, heat R2A-610 


made perpendicular to the grain direction, the speci- 
mens produced longitudinal data. The welded speci- 
mens were bent about the center pin with the weld 
parallel with the pin’s axis. The face of the weld (are 
side) was placed on the tension side and the root of 
the weld (drop-through side) was on the compression 
side next to the center pin. Since the welds were al- 
ways fused (no filler metal added), the weld bead crest 
(are side) never extended more than 0.010 in. above 
the base metal surface. However, when the weld drop- 
through (weld root side) exceeded approximately 0.015 
in., 1t Was belt sanded until nearly flush with the base 
metal surface. In this way the welded bend-test speci- 
mens had approximately the same physical shape as the 


base metal specimens. 


Torch Transformation 

The alpha-beta alloy, RS-110-BX, bend-specimens 
were welded in the as-received and vacuum annealed 
condition. The as-received material was in a stabilized 
heat treated condition having a structure of very fine, 
elongated beta grains in an alpha matrix. The vacuum 
annealed material was in a stabilized annealed condition 
having a structure of coarsened equiaxed beta grains in 
an alpha matrix 

It was known from physical tests that when the as- 
received material was reheated above the upper beta 
transus (1500° F) and then rapidly quenched that a 
certain amount of the beta phase would exist in the 
final heat-effected structure as an unstable phase. This 
unstable phase causes the tensile and yield strengths to 
increase and is accompanied with a severe loss in 
ductility. 

When welding RS-110-BX sheet in the hold-down 
stake, shown in Fig. 9, the copper hold-down toes and 
backing bar caused the weld to be quenched from 
approximately 3100° F to below 700° F within 3 to 5 
sec. The minimum bend radius of &¢ obtained from 
bend tests on welds in as-received material reflected the 


loss of ductility caused by the unstable beta phase. 


In order to eliminate this unstable phase it was 
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Fig. 11 (b) Minimum bend radius in alpha titanium alloy 
RC-A110-AT sheet 


necessary to reheat the weld and heat-affected zone to 
slightly above 1250° F and then slowly air cool to below 
900° F. 

Oxy-acetylene torch heating of the weld and heat 
affected zone was used as a qualitative test method for 
determining whether an embrittled weld could be 
rendered more ductile by reheating to above the lowe: 
beta transus and then air cool. 

Several bend specimens were torch heated with a 
neutral oxy-acetylene flame such that the weld and 
heat-affeeted zone would reach a temperature between 
1250 and 1500° F with a few seconds. The torch 
flame was withdrawn slowly after a few seconds of 
heating and the specimens were then allowed to air coo! 
This type of heat treatment is termed transformation 
heat-affected 
structural change which improves the weld and heat- 


because the material undergoes a 
affected zone’s ductility. 
Summary of Bend Test Results 

A definite trend was recognized when the minimum 
bend radius of the base metal was compared with the 
minimum bend radius of the welded metal, in each dit 
ferent base metal condition. Table 1 which summarizes 
the bend results shows that when welds were mad 
as-received RS-110-BX, a bendability efficiency of 35°; 
was obtained. This is considered unsatisfactory be 
cause it shows that the weld is not able to take severe 
bending stresses. On the other hand when a simila: 
weld was locally heated to 1250° F and air cooled, the 
bendability efficiency was increased to 100°; which is 
considered excellent because it demonstrates that the 
weld joint’s mechanical bending properties could be 
made the same as the base metal. The physical 
difference between the minimum bend radius of the 
base metal and welded metal is shown in Fig. 11 

When welds were made in vacuum annealed RS-110 
BX, a bendability of 75°) was obtained 
dition is quite satisfactory for it satisfies the minimum 


This con 


weldability standard’s requirements and also eliminates 


the torch transformation operation. However, local 
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torch transformation of the weld also improves the the welds, by a local oxy-acetylene torch technique, was 
welds ductility. A bendability efficiency of 100°], can found to improve the weld ductility in RS-110-BX, 
be obtained if necessary Che ductility improvement was not very noticeable 
Che bendability efficiency of welds in as-received when the yield strength and percent of elongation of the 
two conditions were compared but the improvement 


RC-ALIO-AT was found to be 56°; which also satisfies 
the minimum bendability efficiency of 50°) as required Was very significant when the minimum bend radius of 
one as-welded and the other 


in the weldability standards. The physical difference welds in both conditions 
welded and torch transformed) were compared. 
Follow-up tests were made in order to investigate the 
effect of torch transformation heating on the weld’s 
grain structure. The material used in this follow-up 
test was in a slightly different stabilized condition 
(heated for | hr at 1230° F and air cooled). Specimens 
in the as-welded, welded and torch transformed in a 
welding hold-down stake and welded and torch trans- 
formed in air conditions were tensile tested and also 


between the minimum bend radius of the RC-A110-AT 


base metal and welded metal is shown in Fig. 11 


Tensile Tests 

lensile tests were run on welds, made in square butt 
joints, at room and 700° F temperatures. The tensile 
test specimens were standard 8-in. long strips, */4 in 
wide at the gripping shanks with a necked down 0.500 
in. gage width and a corresponding gage length of 2 
ith 


The RS-110-BX alloy was tensile tested in two 


different base metal conditions 1) as-received (hot 
rolled and stabilized annealed) and (2) vacuum annealed ai 
The RC-A110-AT welds were only tested in the as 
welded condition but RS-110-BX was tested: in the as 3 
velded and welded and locally torch transformed 
condition All tensile test specimens failed outside of ’ 
the weld and heat affected zone, this is shown in Figs 
12 and 13 The individual test results are shown in ‘ 
‘Tables 3. tf and 5 and are summarized in Table 2 and i 
big. 14 
) A ne 


Metallographic Investigation 
pieatoen es based + 


The preceding investigations showed that fusion Vv 
AS-WELOED TORCH TRANSFORMED AS TORCH TRANS 
welds in both alloys have 100°) joint strength effi ROOM TEMP ROOM TEMP WwELOED FORMED 
e1rencies However, the guided-bend test results 700 F 700 F 
revealed that the RS-110-BX weld joint’s ductility was Fig. 12 Tensile test specimens of inert-gas tungsten-arc 


impaired in the as-welded condition. Postheating of fusion welds in as-received RS-110-BX 





Table |[—Minimum Bend Radius Test Results 


Vinimum bend radius 
15 Welded 
welded & transformed 
S ft BT 
i/ sl 
HY | 


Vateria 
RS-110-BX 
RS-110-BX 
RC-ALIO-AT 








Table 2—Summary of Mechanical Properties of Welds in RC-A110-AT and RS-110-BX Titanium Alloy Sheet 


Vinimum bend radius 
Welded 
and 
1 torch 


Alloy tirection ) p welded transf 


{ 110-BX 112,110 i f & Of 
RS-110-BX ton | 111,700 

RS-110-BX L000 105,000 led ; i 
RS-110-BX 69,000 

RS-110-BX ‘ 62,400 

RS-110-KX 4, 200 

RC-AL1IO-AT* 12 122 , 750 

RC-ALIO-AT* Loo 117,800 

RC-ALLO-AT* io 0 








* Explanation of superior number rial in hot-rolled and sta Aa nnealed midition ? Welded and locally 


torch transformed; material in ho i : } d annealed condition As-welded: mats vacuum annealed condition 


4 As-welded: material in hot-rolled and s Inhized anneal condition 
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RS-110-BX Discussion 
Comparison of the ultimate stress results shown in 
Table 6 shows that specimens in the as-welded and 


welded and postheated in hold-down stake condition 


The guided-bend test results again showed that as- 

welded specimens could be satisfactorily bent 180 deg 
around a pin of 8¢ radius with the weld face in tension 

When the specimens were torch transformed in air, the 

minimum bend radius was lowered to 4f, while the 

specimens which were postheated in the welding jig had 
4 4 a minimum bend radius of 10¢ 


produced a slightly lower ultimate stress than the 
Fig. 13 (a) Room tem- Fig. 13 (b) 700 F tensile specimens which were welded and then postheated in 
perature 15° interaction test specimens of inert-gas 


f t ten- | : 
tensile test specimens o wd welds in hestions of suds im the hebidewe etehe enemed to have 


air. This trend is also noticeable in Table 3. Torch 
inert-gas tungsten-arc welds ; 
in RC-A110-AT a detrimental effect upon the weld’s ductility Phis 

test was used in order to determine whether torch heat 
given guided-bend tests. The tensile test results are ing could be done on welds in the same jig in which the 


shown in Table 6 welding was done. The tensile and bend test result 





Table 3—Mechanical Properties of Inert-Gas-Shielded Tungsten Arc Fused Square Butt Joint Welds 


l'ltimate 
tensile Yield 
Specimen strength, strength, 


c /- iD longation 


, in Porosity 


Code No pat pat in 


Test Type Transverse tensile weld jot strength — as-welded 
Material KS-110-1KX in a hot-rolled and stabilized annealed condition 
Material Thickness: 0.046 in 

Test Temperature: Room 


SUPI 118,400 114,400 15.0 None 
116,800 112,100 15 0 None 

116,500 112,500 15 0 None 

117,100 111,600 15 0 None 

h 115,900 111,000 15 O None 


A vernge 116,900 112,100 15 0 


Peat Type Transverse tensile weld joint strength Welded and torch transformed 
Material: RS-110-BX in «a hot-rolled and stabilized annealed condition 
Material Thickness: 0.046 in 
Test Temperature Room 
6UPI 118, 400 114,400 None 
2 110.000 108, 800 None 
; 118,300 115,000 . None 
1 117,600 112,500 None 
) 116,800 107 900 None 
Average 118,140 111,720 


Pest Type lransverse tensile weld joint strength —As-welded 
Material RS-110-BX in a hot-rolled and stabilized annealed condition 
Material Thickness: 0.046 in 
Pest Temperature 700° Ff 
SUP6 71,600 58, 100 16 
i 71,200 55, 600 16 
s 44,100 60. 800 Bs) 
9 75,800 61,400 6 
Average 63,000 60 000 15 5 


Pest Type Transverse tensile weld joint strength Welded and torch transformed 

Material RS-110-KX\ in a hot-rolled and stabilized annealed condition 

Material Thickness: 0.046 in 

Test Pemperature 700° | 

OUPs 74,700 ; : None 

4 12,300 . Nome 
A. 000 ; . None 
7) 73,400 None 


Average 72,000 





* Failures oecured outside the gage length marks 
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& ULTIMATE failures always occur in the base metal well away from 
® YIELD the weld or heat-affected zone it is rather difficult to say 
that torch transformation increases the ultimate tensile 





strength. However, when the stress range between the 
ultimate tensile stress and yield stress are evaluated it 





becomes apparent that a greater range always existed 





in specimens which were postheated in air. Thus torch 
transformation does two things: (1) it increases the 








stress range between the ultimate and yield and sub- 
sequently allows the weld to adjust itself more readily 





to applied strain and (2) it allows the weld to respond 
more readily to bending stresses. Even though both of 





these phenomena are directly related to weld ductility 





no great difference was easily detected when comparing 
the values reported on percent of elongation across the 





STRESS IN 1000 PSI 


welds 


Metallographic investigations were made in order to 





determine the effeet of torch postheating on the weld’s 
































grain structure. The structures associated with welds 





in the as-welded, postheated in the welding jig and post 
heated in air are shown in Fig. 15 


TEMPERATURE, F 
In as-received RS-110-BX material the grain 


Fig. 14 Comparison of weld joint transverse mechanical x ; 
properties of RS-110-BX and RC-A110-AT structure of the base metal consisted of very fine, 
elongated beta grains within an alpha matrix. The 


fusion zone of welds in the as-welded condition con- 
demonstrated that this could not be done because the sisted of coarse acicular alpha grains within large 


weld ductility was grossly impaired. Since the tensile former beta grains at the weld center and smaller 





Table 4—Mechanical Properties of Inert-Gas-Shielded Tungsten Arc Fused Square Butt Joint Welds 


( ltimate 
lensile Yield 
Specimen strength, trength, ©", Blongation, in 
Code No psi pai 4 ,oroail Failure location 
Test Type: Transverse tensile weld joint strength ——As-welded 
Material RS-110-BX in a vacuum annealed condition 
Material thickness 0.050 Heat No. R2A-647 
Test Temper ture Room 


GARI 107 ,000 100,800 
2 109 , 600 102,600 


3 110, 100 10:3, 500 None away from weld 
} 111,100 105,200 
5 110,700 105,600 

Average 109, 700 103,500 


Pest Temperat ire 500° | 
ISAhK6 77,600 
7 77,000 
8 78,500 Fine linear porosit away from weld 
4 77,800 5 in weld edge 
10 KH SOO ’ 
Average 77,520 
Pest Temperat ire TOO” | 
SARI 67, 400 
66, 500 
67.100 j j Fine linear poros . away from weld 
68,800 55 7 in weld edge 
70,300 i 
Average 68 000 


Test Temperat ire OOO” | 
GARG 55,400 
7 56,000 
s 56, 600 5 Noni away from weld 
9 56, 500 
10 56, 500 


56 , 300 
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acicular discrete alpha needles within medium size former 
heta grains at the weld boundary This grain structure 
is shown in Fig. 15a; the dark nodular and needle-like 
objects are the alpha constituents and the white back 
ground is the alpha prime matrix. This structure is 
sometimes referred to as Widmanstitten 

It, has an 


»¢ 


average ultimate tensile strength of 160,000 psi, 0.2; 


The weld’s cast structure is quite strong 


offset yield strength of 144,000 psi and elongation of 
2.7% mM 2 In 

Welds which were postheated in the longitudinal 
hold-down stake have a grain structure similar to the 
as-welded grain structure. Figure 156 shows the grain 
structure of a weld which was postheated at a recorded 
temperature of 1500° F. The weld center consisted of 
coarse acicular alpha needles within large former beta 
grains. The only apparent difference between the weld 
structure of the latter (Fig. 155) and the former (Fig 
15a) is that the latter has a more dense acicular alpha 
prime formation caused by double heating and rapid air 
cooling. Bend and tensile test results showed that this 
grain structure was more brittle than the as-welded type 
of grain structure 

Welds which were postheated in air were found to 
have a grain structure which is somewhat different than 
the as-welded grain structure. Figure 15d shows the 
grain structure of a weld which was locally postheated at 
a recorded temperature of 1500 KF and allowed to au 
cool. The weld center consists of extremely coarse 
diserete acicular alpha needles within large former beta 
grains. The sharpness of the weld boundary disap- 
peared due to recrystallization of the weld and heat 
affected zones Local torch heating at temperatures 
between the lower beta transus (900° F) and the upper 
heta transus (1500° F 


prime and then upon slow air cooling equiaxed alpha is 


causes resolution of the alpha 


rejected at the grain boundaries and the former discrete 
alpha needles become larger 

The grain structure as shown in Fig. 15¢e and 15d was 
found not to be as strong as the as-welded cast structure 
but to more closely approximate the base metal’s as 
received mechanical properties. The postheated in au 
veld metal has an average ultimate strength of 128,000 
psi, 0.20) offset yield strength of 118,000) psi and 
elongation of 3.467 1n 2 in 

The grain structure of welds in RC-ALIO-AT al 
Both the 
base metal and weld have a coarser structure than the 
RS-110-BX alpha beta alloy 

The weld macrograph of Fig. 16 and the micrograph 


alpha titanium alloy sheet is shown in Fig. 16 


Fig. 16a. shows the base metal grain structure in the 
longitudinal direction (sectioned parallel to the rolling 
structure has a 


direction The longitudinal gram 


different appearance than the transverse grain structure 
In either grain direction the received base metal 
structure consists of moderately large equiaxed hexag 
onal alpha grain However, the alpha grain bounda 


ries are more pronounced in the longitudinal direetion 


compare Fig. 16a with Fig. 16f. Another difference ts the 


contrast bet ween the carbide distributior i! the 
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longitudinal direction the carbides appear as stringers 
whereas in the transverse direction the carbides appear 
more nodular 

The heat-affected zone grain structure consists of 
short acicular alpha needles within large former beta 
grains. The weld center grain structure has coarse and 
extremely long alpha needles within very large former 
beta grains. This east structure is stronger than the 
base metal and is not very ductile. It has an average 
ultimate shear strength of 112,000 psi whereas the base 


metal has 92,000 psi 


Circular Patch Weld Restraint Tests 
Scope 

The ability of the RS-110-BX and RC-A110-AT 
alloys to respond to the inert-are welding process was 
reflected by the previous mechanical tests. These tests 
showed that the weld joint was stronger and less ductile 
than the base metal and also showed that the weld’s 
grain structure was compatible enough to adjust itself to 
applied strain without causing premature failures in the 
weld or heat-affected zone 

The tensile, 
versatile enough to reflect the weld’s ability to with- 


hear and bend tests were not considered 


stand high weld shrinkage stresses or slow sustained 
strain aging stresses. Another type of mechanical test 
was needed to determine the effect of concentrated weld 
shrinkage and strain aging stresses. The circular pateh 


weld restraint type of test was selected for this purpose 


Procedure 

Preparation of the circular patch weld restraint test 
specimens consisted of welding 2- and 4-in, diam disks 
in the center of 6- and 8-in., respectively, square shect 
panels. The weld joint was a square butt groove 
Welding was performed manually using a conventional 
inert-are water-cooled hand torch with de ap rectified 
alternating current. A simple welding fixture was used 
to restrain the panel’ two components, see Vig. 17 


BACKING GAS 
OUTLET 


Fig. 17 Welding fixture used for manual inert-gas tungsten- 
arc welding of circular patch weld restraint test specimens 
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The welding fixture was designed to employ the same specimens were hung on a rack and at intet 
tooling principles that were used in the semiautomati: 15 days they were again inspected with dye pr 
velding proce # backing bar groove of 0.040 in. deep for evidence of weld cracking. This procedure 
by 0.250 in. wide and a hold-down toe space of °/\ in for the purpose of determining whether thy 
Helium g vas used for root bead shielding and argo stresses set up by normal welding shrin| 
at the welding ar cause cracking over any long per Mi of time 

Four different weld conditions were exemined for cedure used for determining strain aging et 
hrinkege effect, they were isted of placing the circular patch test spec 

| The first circular patch weld restraint specime compressive test fixture and loading the 

velded by fusing the joint edges together incremently every 10 or 15 days until the 

2 Phe second specimen was also fuse welded and reached its estimated buckling stress (became pern 
then subsequently torch postheated nently bent 

3. The third specimen was welded by adding Circular Patch Weld Restraint Test Results 
commercially pure Ti-75A filler metal. Welds wer The alpha-beta alloy, RS-110-BX, was tested in two 
made in one pis base metal conditions: (1) as-received an uum 

1. The fourth specimen was welded by adding base annealed (hydrogen outgassed). The all-alpha 
metal filler. Welds were made in one pass was tested onlv in the as-received condition 

Welds were inspected for cracking with dye pene Welds in as-received RS-110-BX material were found 
trants ummediately after welding. After this initial to be susceptible to transverse weld cracking after aging 
inspection each weld was X-rayed and the type of several months. Only the small 2-in. circular patch 
porosity recorded for future reference in the event that specimens developed cracks. The four different weld 
porosity could possibly be correlated as a cracking conditions had three effects on the duration of the 


effect. Pursuant to this inspection, the circular patch weld’s stability. The fused and torch postheated fused 





Table 5—Mechanical Properties of Inert-Gas-Shielded Tungsten Arc Fused Square Butt Joint Welds 


 ltimate 
lenaile ) veld 
Specimen atrength sire ngth, ©" Klongation 
(‘ode No par pst , a Porosity 


Test Ty pe Transverse tensile weld joint strength 
Material RC-ALLO-AT in a hot-rolled and annealed condition 
Material Thickness: 0.037 in. 
Test Temperature Koom 
5VWi 1206000 21,000 ] None 
; 120, 600 21,900 12.! Very slight 
20,400 24,000 12 Very slight 


120,900 25,500 W 5 Very slight 
120,700 23,500 10.5 None 
120, 100 22,800 11.0 None 
120,400 24,800 9 0 None 
128,600 20,500 9 0 None 


iway iron 


Average 120, 400 22 750 10 6 


Pest Type Longitudinal tensile weld joint strength 
Material: RC-ALIO-AT in a hot-rolled and annealed condition 
Material Thickness: 0.037 in 
Pest Temperature Room 
ovwe 130,000 117,700 35 7 Medium 
10 133, 100 117,300 15 0 2 Medium 
11 132,800 119,500 145 : Medium 
12 130, 600 115,900 13.5 Medium 
13 131,700 118,700 14.0 , Medium 
Avernge 131,800 117,800 14.0 


Test Type Transverse tensile weld joint strength 
Material RC-ALLO-AT in a hot-rolled and annealed condition 
Material Thickness: 0.037 in 
Test Temperature; 700° I 
OVW 75,700 . y None 
2 76.300 ; . None 
75,000 : 2 Incomp penet 
75,000 : Incomp penet 
76,000 5S, None 
75,200 7 None 
75,800 5Y, ‘ None 
75.200 . 7 None 


75,700 
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Fig. 18 (a) Compressive static loading test fixture used for 
determining strain aging and reliability characteristics of 
fusion welds in titanium alloys 











welds did hot develop CTUCKS during ih period ol tive 





}  —_— Fig. 18 (b) Circular patch fused weld in as-received 
e months owevel these ssn spec mmens failed RS-1 10-BX 


immediately after being compressively loaded in a stati 






test fixture; see Fig. 18 rhe specimens which were 





welded by adding filler metal developed transverse weld 





cracks 4'/. months after welding. Figure 19 shows the 





type of failure 





These test results indicated that the occurrence of 





weld cracking was not due to shrinkage stresses but 





more likely was caused by hydrogen embrittlement 





Hydrogen analysis tests showed that the as-received 






material contained three hundred parts per million 
0.031 H). In order to check the effect of interstitial 


hydrogen on welds, it was necessary to take material 






from the same material heat previously used and 





vacuum anneal it \ hydrogen analysis showed that 





the outgassed material contained one hundred parts per 






million. Circular patch weld restraint tests were made 





on the outgassed material in the same manner as the as 






received material was tested. Five months have elapsed 





since these specimens were welded and no weld crack- 





ing has been detected. Since the welded outgassed RS 
110-BX material held up so well it is assumed that in 


terstitial hydrogen causes premature weld failure due 






Unalloyed filler wire added 





to intergranular collective gas pressures set up by the 





formation of diatomic hydrogen. The maximum accept 





able hydrogen contamination level has not been estab- 





lished as yet. However, it has been arbitrarily set at 





130 ppm until such time that a higher or lower level is 
definitely established 
Welds in the as-received RC-AL10-AT material held 


up very well, Only one of the small 2-in. cireular patch 







specimens developed a crack. This specimen had been 





welded by fusing the joint edges and then locally post 





heated for stress relieving purposes. The specimen was 





hung for 4'/. months without restraint and no failures 





were observed It Was then put into the static com 





pression test fixture and compressed up to the critical 





) 


buckling load point After 2 months under com 





pression a crack appeared in the weld edge. Apparently 





torch post heating causes severe surface oxidation on 
RC-A110-AT which is accompanied by surface em- 
brittlement. The failure in all probability was initiated 







Base metal filler strip metal added 






in this embrittled weld surface because another as- Fig. 19 Circular patch welds in as-received RS-110-BX 
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Table 6—Comparison of Mechanical Properties of Welds in Three Conditions 


Spe eLmen 


Code No Weld condition 


Transverse weld jom+t strength 
KS-110-KX in a reheated for 1 hr at 1230° | 
0.040 in 
Teast Te mperature Room 
OX As-welded 
2 As-welded 
As-welded 
As-welded 
As welded 


Welded and postheated in air 
(1400-1500° F) 

Welded and postheated in air 
(1100-1200° PF) 

Welded and postheated in hold 

1400 1500° I 


Test Type 
Material 


Material Thickness 


and 


down stake 


! 


wled 


timate 
Yield % 


iD longation 


lenarle 
trength strength 


pat pst n2Zin 


condition 


120,700 
120,000 
119, 100 
119,400 
119,800 


HOO 


122 





* Substandard specimens, failed in bearing on first test 


welded specimen received the same compressive 


and it never has failed 


Conclusions 


The preliminary weldability studies made on RS 
110-BX RC-ALLO-AT that both 


alloys were quite weldable by either the automatic or 


and sheet revealed 


manual inert-gas-shielded nonconsumable electrode 


processes. The success with which these alloys were 
welded is attributed to the precautions which were taken 
to eliminate atmospheric contamination of the weld’s 
heat-affected zones and also minimize distortion and 
weld shrinkage during welding by suitable restraining 
fixtures 

The weldability of RS-110-BX sheet material fluctu 
ated considerably because of different base metal con- 
ditions. In mechanical tensile tests all failures occurred 
away from the weld and heat-affected zone if the base 
material was in either a hot-rolled and annealed con 
dition or @ vacuum annealed condition, (see Figs. 12 
& 13) 
unwelded base metal with the bend radius of welded 
base metal it was ascertained that RS-110-BX had better 
Bend 


welds could be rendered more 


However, by comparing the bend radius of the 


weldability in the vacuum annealed condition 


tests also showed that 
ductile by a transformation heat treatment. 

The minimum 180-deg face bend radius of welds in 
as-received sheet was found to be 8.5¢ in 0.047-in. sheet 
heating after 
Since the minimum 


Local torch transformation welding 
improved the bend radius to 3¢ 

hend the metal 
certained that the bendability efficiency was 35°), for 
welds in 0.047-in R2A-610). 


transforming the welds, the bendability efficiency was 


radius of parent was 3/, it was as- 


sheet (heat Upon torch 
improved to 100°; 

The minimum 180-deg face bend radius of welds in 
vacuum annealed sheet was found to be 4¢ (as-welded 
condition). The bend radius of the base metal was 3/; 


the same as as-received material Local torch trans 
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Weldability of Titanium 


longation was in I'/> in 


forming of welds in vacuum annealed material improved 
the bend radius to 3¢, giving 
efficiency of 100%. Hence, it was ascertained that the 
RS-110-BX has a fair weldability rating in the hot 


rolled and annealed condition and a very good rating in 


hence, a bendability 


the vacuum annealed condition 
This was again proved to be true when the results of 
the cireular patch weld restraint tests were compared 
Circular patch RS-110-BX 
material did not fail within the 90-day limit test period 
On the other 


welds in as-received 


but they did begin to fail after 130 days 


hand, welds in vacuum annealed material have not 


failed 160 days 
causes a loss in ultimate tensile strength, it also make 


after Although vacuum annealing 
the material more reliable for service applications 

The weldability of RC-AL1I0-AT as-received sheet 
considered to be on a par with the weldability of 
vacuum annealed RS-110-BX. 

In mechanical tensile tests all failures occurred away 
from the weld and heat-affected zone, thus showing that 
100°) joint efficiencies (in square butt joints) could be 
obtained. The minimum 180-deg face bend radius of 
welds in as-received (hot-rolled and partially annealed 
sheet and 5/ in 0.039-in 
sheet. The bend radius of the base metal was 2.8¢ i 
both sheet thicknesses Hence, the bendabilit 
efficiency was 100°, for welds in 0.023-in 
in 0.039-in. sheet. 

Circular patch welds in as-received RC-ALIO AT did 


material was 2.8/ in 0.023-in 


sheet and 56‘ 


not fail within the 90-day limit test period and with the 
exception of one test specimen ho failures have oecurred 


since the day they were welded 
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WELDED STEEL CONSTRUCTION 


BY CHARLES !. ORR 


Members of the AMERICAN WELDING Society are, in 
general, concerned with the development and applica- 
tion of welding techniques and processes for a great 
number of products and for many types of material 
Kngineers and architects are primarily interested in 
the application of these welding techniques and proc 
esses to the jong of structur il members \ com 
bination of these interests and of this knowledge is re 
quired for the successful completion of a welded struc 
ture. The members of the AmericAN WELDING 
SocieTy can render a substantial service to the engi 
neers and architects by making available to them the 
, 


necessary technical information with respect to ech 


niques and processes ol welding 


Basic Considerations 

The joining of structural members by welding is a 
simple process compared to the processes required to 
make weldments with complex joint arrangement in 
various types ol materials, including ferrous alloys and 
nonferrous materials In structural welding we are 
concerned primarily with short welds simpli ome} 
arrangement and mild carbon steel materia (ut 


lactory 


problems, therefore in the making of a il 
welded joint between structural members, are relative! 
few The use of welding provides us with just other 
method of connecting two or moré pieces of steel to 
each other Thi process doe not require any bi 
change in the fundamental sei tructura 
31s It is true that it is ofter asl ‘ 
rigidity in welded joints than in riveted or bolts 
Actually one of the greatest inherent advant 
welded joints is their natural rigidity Whi 
more members are fused together by | 


] 
Pmember 


come in fact one integra 
The use of welding as a me 

ious parts of a steel structure h 

considerable discussion and « 

individuals promote the use of 

great enthusiasm Others re 


great stubbornne Phe third 


group ol design enginee! pproa 


an open minded, engineering 
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would any other engineering problem, with a desire to 
use welded joints where they are applicable and advan- 
tageous, and to discourage their use where other types 
of connectors can be more advantageously employed. 


It is quite possible that welding processes are further 
advanced at this time than is general design knowledge 
Design and Drawing Requirements 

Design is the most important of all component parts 


going into a welded structure today There is a sub- 
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stantial difference between drawings for a riveted or 
bolted job and for a welded job. The most outstanding 
difference is the extent of detail required. Due to the 
lack of standardization for welded joints, the drawings 
for a welded structure must show more complete infor- 
mation to assure the execution of the work in a manner 
visualized by the structural engineer. Designers and 
detailers of welded structures should become familiar 
with the American WetpinG Soctery Standard Sym- 
bols so that their use will convey the exact information 
intended. <A short time ago the Committee on Weld- 
ing Practice of the Structural Engineers Association of 
Southern California prepared a report which recom- 
mended that specific details be provided for each con- 
nection, showing the size of all detail material and of 
welds. This can often be simplified by the use of job 
standard details together with accompanying schedules 
(Fig. 1) 

This committee also developed a series of “do’s’’ and 


’ 


“don'ts” for guidance in the preparation of design 


drawings. Some of these are as follows: 

“Do specify the minimum amount of weld that will 
satisfy governing conditions. Do not over weld. Do 
not use all around symbol promiscuously.”’ 

‘Do keep welded joints simple in design. Do design 
for downhand welding where feasible” (Fig. 2) 

“Do design joints especially for welding. Do not 
design joints for riveting and then note them to be 
welded”’ (Fig. 3) 

“Do take into consideration standard mill tolerances 
of rolled shapes and what effect they may have on the 
detail. Do not use details which depend on such shapes 
being perfectly square and to exact dimension. Do 
not use a direct butt weld and a splice plate on the same 
joint for the same purpose Do use one or the other, 


not both.” 


Economy 


In the interests of economy, welded details should be 
kept as simple as possible. The designer of welded 
structures will do well to disregard practices and details 
previously used for riveted joints. Gusset plates, 
splice plates and similar fittings are usually not neces- 
sary in welded construction. Parts should be designed 
and detailed so as to provide good accessibility for 
fitting and for performing the welding with the electrode 
in the proper position, and so that the operator can see 
his work clearly. The relative size of welds is also a 
major economic consideration, A °/j»-in. fillet weld 
can be made with one pass. <A */,-in. fillet weld re- 
quires two passes or almost twice as much labor and 
10°; more weld metal, but is only 20°) stronger than 
the ®/,e-in. fillet weld 

The welded base plate provides a typical simple ex- 
ample of welded construction and is all too often sub- 
jected to the common sin of overwelding. Base plates 
are welded to column shafts to resist calculated moment, 
shear or uplift-—or a combination of these factors——or 


just to stick the thing in position so that it will not be 
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Fig. 2. Simplicity of joint design 


misplaced. The weld required for any of these, except 


perhaps the last one, can be calculated. However, it 
is much easier to call for a weld of generous size and add 
a little circle to the symbol which says “weld all around.” 
The base plate for 8WF31 may be held securely welded 
in place by a minimum of four 2-in. welds (a total of 
8-in.) whereas the total dimension all “‘around”’ is 48-in 
There is no more reason to double the required size ol 
the weld than there is to double the size of the column 
shaft or of the base plate (Fig. 4). 

The position of the weld is also important with re 
lation to cost. In its normal progress through the shop 
an H section is placed on stands with its web vertical! 
With the H section in this position it is simple to attach 
our base plate by making a downhand weld on the out 
side of the top flange and on the inside of the bottom 
flange. While the section is still in this position a 
vertical weld may be made on one or both sides of the 
web. If welding on opposite sides of the flanges is re 
quired either the column section must be turned ove 
or overhead welding must be used. Both operations 


cost money 


Specification Requirements 

Specifications can usually be quite simple. The 
“Standard Code for Are and Gas Welding in Building 
Construction” of the AMERICAN WELDING Sociery | 
almost universally accepted and can be incorporated 
in the specification by reference. This code is now in 
the process of revision and we hope that it will be 
brought up to date to include submerged are welding 
revised material specifications and other data in the 
not too distant future. The American WELDING So- 
crery’s “Specifications for Welded Highway and Rail 
road Bridges’’ may also be incorporated by reference 
when applicable. Certain sections of this specification 
may apply to structures other than bridges when such 
structures are subject to dynamic or vibratory loading 

The job specifications should also list the qualifica 
tions of or additions to the AWS specifications prev- 
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iously mentioned For instance, either the 


tions or the drawings should definitely state whether 
butt we ds are “ine ompic te pene tr ition’”’ Or complet 
penetration” and should specify definite inspect 
quirements. Specifications should 1 Impose 


sary or impractical restrictions re 


procedures or Insper tor 





Material 
6" WNELD-ON SITION TWO POSITIONS 


Mhe ate il pecily 
eng Fig. 4 Column base—8WF3! 


siderable discussion § fot 


re *! reentag 7. “Teel ~ ! struct 
yreate r percentage ol | used ructure pect to availabili Because of the great 
vears has been produced under ASTM Speci , 
' ariety of shapes and sizes of members required for 
A.7 Practically all building codes require th 


tural steel conform to ASTM <A-7 Phi 


does not provide a maximum limit for carb 


teel structures, it difficult for the fabricator or ware- 
House to mamtan adequate mventories under one 


It is therefore reasonable to assume that 
Sic stee] becomes progre ively more i 


1 general, limited to \ 7 steel and that 
under specification QQ-S-O0741 and A373-54T 


t 


weld as the carbon conte ! thi 


trot of carbon content in — oy must be mill ordered, It is recommended that the use 
peep ssc on QQ-8-741 rene apo er es ot these pecilh ition 1 imited to stee] that ciuh be 

erty - , , mill ordered that | vith respect to the time element 
a structural steel with definite maximum limit ind minimum quanti 1e carbon content of A-7 


carbon content and for use | elded constructior 
1 . , in members less than « neh thick is normally 
Ws specication wa ised’ and mplihed 19aZ : 

| | 7 thin the maximum limits required by the later speci- 
and = remsued " tentative speciiication (JQ) s-(WK), 41 


In 1954, ASTM issued Specification A373-541 Hel 
; ; ym 7 ~ velded init vitl ( hivher earbon content by 
Is essentially the ime a QQ)-S-007 41 Theretore 


fieation It ilso quite possible to make satisfactory 


the use proper procedu ould therefore appear 
have a standard specification for steel a desirable to continue to use A-7 steel for “out-of-stock” 
job fhe minimum te l¢ trength of 60,0000 psi 
pecified in A-7 is reduced to 58,000 psi in QQ-S-00741 


ud in A3873-54T and the minimum yield point is re- 


especially lor Ve ded tructiure 
Although these ite! pecil 


vivantages, they do, at time 


duced trom 33,000 psi to 32,000 psi 
It is assumed that building departments will approve 
| reduction in ultimate strength without re- 


quiring a reduction in working stress 


Reliability of Connections 


Phe desis ng hy confidence in the 
method ol nnection hh eu Repeated tests 
ind the performance of struc has shown that the 
normal welded joint is stronger than the base material 
It is reasonable to assume that good welding will be 
obtained when sound regulatio uch as contained in 
the AmMErRti WerLpInc Sociery Building Code are 
followed by a compete rganization. The allowable 
vorking ‘ pe by code, include an ample 
factor of safetv so ther Oo need to Ue excessive 


(uantithe al eld 
Recommendations 


Phe author recommends that particular attention be 

to the simplification o ded details, to the elim- 

elding and to the inclusion of adequate 

data on the working drawings. The 

employed by fabricators have an 

opportunity b de variety of designs as 

vell as the procs brication. Many of them are 

ilso engaged it Kten research ‘The author there- 

lore, likes further to recommend the closest cooperation 

Fig. 3. (A) Joint designed for riveting. (B) Joint designed between engi nd ricator in the interest of eco- 


for welding G efficent welded structures 
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SHORT CUTS IN SCRAP CUTTING 


Crucible Steel and R. M. Chambers achieve savings 


with different lechniques 


BY W. E. McLAUGHLIN AND C. F. STEINBERG 


Two outstanding—-and different-—-examples of highly 
efficient scrap-cutting operations are represented by 
Midland, Pa 
and R. M. Chambers Co., Pittsburgh, Pa 


Both have the same objective — maximum economy 


techniques used at Crucible Steel Co., 


of operation in reducing serap buttons to charging-box 
size —bul each has a different work area problem soth 
use the same oxy-acetylene cutting equipment bul each 
uses the equipment in a way that best meets the job re 

quirements Through ingenuity both have solved 
tough problems and come up with savings in time and 


money over previous methods Hlere’s how they did it 


At Crucible, Scrap Comes to the Torch 

With a compact work area, Crucible Steel concen 
trates scrap-cutting operations in a large, specially built 
pit, spanned by a motor-driven bridge which moves 


the entire length of the pit A carriage machine and 


W. EB. McLaughlin, Technical Sales spresentative, and C. F. Steinberg, 
Steel Mill Representative r Reduetion Sales Co., Pitteshurgh Distnet 


Fig. 1 Flame eats into scrap. Huge buttons yield to 
torch, are cut into charging box size 


motorized arm with a heavy-duty torch and hea 


duty gas controls are mounted on the bridge Dump 


ears pile buttons into the pit, then bridge and torch go 

to work, with an easy sychronization of motio 

permits a high degree of positioning for cutting 

cutting unit supplies transverse motion to the 

and the motorized torch arm provides its ow! 

tudinal cutting motion in addition to the mov 

the bridge. Oxygen and acetylene are piped 

working point from central sources of supply 
With only one torch and one operator, ‘ 

centralized cutting operation reduces the entire 


of buttons to charging-box size 


At Chambers, the Torch Goes to the Scrap 

\ large work area, with literally mountains of scrap 
posed a problem at Chambers. Here, obviously, Mo 
hammed had to go to the mountain! The Mohammed 
in the case—the oxy-acetylene cutting equipment— had 


to be mobilized. Chambers mounted it on a specia 


Fig. 2. Huge scrap button about to be cut—oxy-acetylene 
cutting equipment goes to work 
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Fig. 3 Cutting unit gives crosswise motion to motorized 
torch arm which adds its own lengthwise motion to bridge 
as it cuts scrap at Crucible 


Fig. 4 Scrap comes to the torch at Crucible. Cutting 
equipment mounted on motor-driven bridge which spans 
large scrap assembly pit 


skid, 35 ft long, which could be moved from place to 
place by a bulldozer. The operation is smooth and effi- 


cient. Shovels and cranes pick up the serap unloaded 


by dump cars; a huge steel ball knocks loose slag and 


dirt off the buttons and breaks down the scrap which is 
then assembled for cutting \ bulldozer pulls the skid 
into place and the torch is ready for cutting A bulk 
delivery oxygen system in trailers follows the skid from 


Jury 1955 


Fig. 5 R. M. Chambers’ cranes at work on scrap moun- 
tain; huge steel ball knocks off loose slag and dirt and 
breaks down scrap 


Fig. 6 Torch goes to the scrap at Chambers. Cutting 
equipment, including motorized torch arm, mounted on 35- 
ft skid, is moved into position 


point to point, maintaining a distance of 100 to 150 ft. 
Acetylene is supplied from manifolded cylinders mounted 
on skids for mobility. Rubber hose provides flexibility 
of movement 

Centralization is the answer at Crucible; mobility at 
Chamber Ihe high adaptability and versatility of 
the oxygen-cutting process is the answer for both 


compan 
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ELECTRICAL CONSTRUCTION SIMPLIFIED 
BY STUD WELDING 


BY RICHARD SAWYER 


varehouse each Measuring 200 x 1000 It Noles, the through-bolting method 
£ 
| urther, the contractor found that stud . 


ix me 
recently completed at the U. 8. Army’s Memphi 
rial costs would be less than one-third of | 


Tenn General Depot, called for a major fastening 
stud welding 


140,000 ft of electric conduit wtuated stud costs Therefore 
method chosen and used throughout the sir 

Almost 33,000 studs were installed, using 
with qotie 


operation in hanging 
1020 outlet and switch boxes and 3726 lighting fixture 
from structural steel ceiling and wall members 


rhe great size of the job led the contractor Shelby elding guns and control units 


Klectrice Co., Memphis, Tenn., to experiment in orde: battery unit 
\ brief explanation of the stud-welding pi 


to find the one fastening method most economical from 
tud velde! 


skill and materials. There help clarify the installation. The 


the tandpoint ol time 
the threaded end of the stud in the chucl 


vere three available methods 1) steel supporting 
beams could be drilled or punched, and conduit hanger elding gun 
ind outlet boxes then bolted through the holes: (2 olid flux of the stud at the point of welding 
powder actuated tools could drive bolts through the pulls the gun “trigger,”’ and the stud i 
t) studs could be end welded to the ten matically Duration of the welding 


metal: or o 
with stud-welding equipment, leaving threaded end regulated by the integral stud-welding 


Setting the exposed pre 


available for hanging conduit and boxes. Since the On overhead construction work without a p 


latter two methods required a crew of only three men to ig, one man may weld studs up tosix amu 


lotal cost to the contractor for studs complet 


lay out and set 400 studs a day, while drilling or punch 
ing required a crew of nine men for the same number ot ire shields was $1150.35, about $250 more 


of the same sizes. Despite the higher cos 


ra 5S j } t Welding ‘ Mi ! 
Richard Sawyer Rein age the two-thirds saving in man-hours enabled 


t It M hant 


Fig. 2 The two men at top center 


Fig. | Conduit was secured to upright and ceiling girders with fully threaded 
using measuring stick and template, 


end-welded studs. Insert shows typical use of these studs designed to allow for 
Light fixture boxes were secured in the same manner as accurately positioned the studs to re- 


close nut run down. 
ceive the clamps and outlet boxes 


switch box in other photograph and illustration 
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tractor to realize an over-all cash sa 


use of stud welding over alternate fastening methods 


Time savings alone amounted to $110.40 for each of 


77 working days on the six buildings 


Additional benefits of the stud-welding method 


bee ame apparent as the constructior prov eeded Spi 


the men had to work from only one side of the struc 


tural members, and did not have to hold bolt heads with 


one hand while holding outlet boxe 


Ing ol SSO) by thi 


and running nuts 


with the other, th »Of asseml 


hg the electrical equip- 
ment on h derably speeded 
this saving could not be measured or added to the 
advantage ol tastening by velded studs, it proved 
peeding the conduit and 
Another ad- 


tud-welding procedure was that since 


esper ally important lI 


fixture hanging after stud tallation 
Vantage to the 
the studs almost ‘“‘welded themselves” the need for 


SuUpervisiol is oT 





ALL-WELDED SCAFFOLD 
SPEEDS RECOVERY OF CRASH VICTIM 


\n unusual welding project was recently completed by 


Hahn & Clay of Houston, Tex ill because of an auto 


mobile accident occurring early in 1955 in Louisiana 


in which Virgil Osborne, District Manager of the South 
west Area for the Farrel-Birmingham Co., was seriously 
injured 

back to the extent 


toot On Phi 


The accident injured the patier t’s 
ol shortening hus height of 5 ft Tin 
patient’s personal physician prescribed tractior 
at the hospital, but weeks later the patient was restless 
Faced with 


more weeks of confinement, the patient asked his doctor 


and impatient to be “back on the job.” 


about the possibility of speeding up his recovery 

The doctor explained that recovery might be accel 
erated if there were some means of exerting sufficient 
weight on the neck and backbone. It would have to 
be evenly distributed and steadily applied to stretch 
the patient’s back to its normal shape, thereby remo 
ing the “kinks” and wrinkles resulting from the aecci 
dent 

This led to the design of a device which would ele 
vate gently and vertically a 200-lb, 6-ft human body 
to swing clear of the floor (see accompanying illustra 
tion). Basically of a tripod design, the “Neck Stretcher” 
was made of aluminum bars and tubes to provide a unit 
that could be easily transported. It was constructed 
for ease of handling, assembling and disassembling 
Inert-gas tungsten-are process was used to make all 
necessary welds 

To simplify the procedure for elevating the injured 
patient, a set of pulleys was designed, attached to the 


apex of the tripod and to a double hooked horizontal bar 
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(Left) Patient at ease with his full weight hanging by the 
neck. (Right) Scaffold, completely disassembled, weighs 
only 15 Ib 


spread to the exact width of the patient’s head and 
made to fit a conventional canvas head traction device 

One week from the birth of the idea, the patient was 
“hanging” vertically for the necessary traction. After 
three days, he ustain hanging for intervals 
of several minutes, which freed his back from the over- 
lapping ol hones, ets He left the hospital on the 


road to recovet! 


Prac hical i elder and De gre 





While 


* 
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Sat gee. he 
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Fig. | 


Ten steel grain storage bins nearing completion in Casa Grande, Ariz. 


The welding rig seen on two of the bins 


for making field joints eliminated scaffolding, thereby speeding welding operation 


STEEL BINS FOR GRAIN STORAGE 


BY WILLIAM F. FISCHER 


each 30 ft, 6 in. in 
60 ft high, and having a capacity of 1000 tor 
the 


Ten grain storage bins (Fig. | 


ametet 


were completed in five months by 


William F. Fischer Dintriet Kes 
Ariz 


Fig. 2 Cone tops were field assembled by bolting, th 
welded and hoisted into position 


680 


di 


i 


Consolidated 


“* 


en 


Practical i elde 


Phoenix, Ariz They were 
at a total cost of $200,000 


Western Steel Co 
n Casa Grande, Ariz 
The bins are of all-welded steel construct 
a cone top and bottom. Steel plate of 


ul ed lor the first two courses ol the side ~ 


; : nt 
Fig. 3. Truck dumping rig is seen in background. Power 
on the site permitted use of motor generator sets as well as 
gas engine-driven welders 

WELDING Jor 
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mainde r was constructed ol s- ll and e-lh plate 
The plates were tacked leaving a '/s-in. opening and 
were butt welded from both sides using E-6010 elec- 
trodes The bottom cone was made of e711) plate 


and the top, */;.-in. plate. The top was a field assem 
bly job; the segments being bolted together and then 
) 


lap welded (see Fig. 2 An iron-powder type electrode, 


was used for downhand joints on the top segments 
Fifteen to twenty men were kept on the job until it was 
finished 

Since some power was available, eight 300-amp motor 
generator sets were used along with four 200 amp and 


four 300-amp. engine-driven welders. A special rig 


was used to hold the men doing the welding on the side 
of the bin 
wheels to ride on the course already welded, and two 


It consisted of a steel frame which had two 


grooved wheels at the top ol the rig that rode on the 
top edge of the course which has been tacked on and 


was to be welded 


Che bottom cone holds the grain above ground, thus 
eliminating construction of an expensive underground 
conveyor system. The dumping rig seen in Fig. 3 is 
used for dumping grain out of the trucks and eliminates 
the need for farmers owning expensive dump truck 


equipment 





WELDED ALUMINUM TRAILER TRUCKS 
BEAT CORROSION PROBLEM 


trucks with inert-gas 


A fleet of drop bottom trailer y 
metal-are welded hoppers made entirely of aluminum 
have been built by the Euclid Road Machinery Co., 
Cleveland, Ohio. Each truck is designed to haul 44 
tons of lignite to fire the steam turbo-generators at 
Aluminum Company of America’s Rockdale aluminum 
plant in Texas. The aluminum trucks are 8000 Ib 


} 


lighter than trailers of similar design made of steel and 


are highly resistant to the acid corrosiveness of the 
lignite 

Practically, the only mechanical fasteners used in the 
trailer bodies are the bolts which hold the draw bar to 
the hopper. The remainder of the hopper body is of 
welded construction. As the weld area is shielded with 
argon during the inert-are welding operation, the need 
for flux and the possibilit 


No costly post 


of flux entrapment were 
eliminated velding chipping or grind 
ing was necessary on these clean, sound inert-gas metal- 


are welds 


Fig. 1 Inert-gas metal-arc welding of Fig. 2. The entire hopper of this 44-ton capacity dump truck is made entirely of 


aluminum torque control members 
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welded aluminum plate and extrusions 
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IRON-POWDER ELECTRODE 
SAVES THROUGH BEAD SHAPE 
AND APPEARANCE 


BY G.N. BULL 


By replacing a conventional E-6013 electrode with an 
iron-powder type electrode, Guaranteed Welding Set 
ice Co., Clifton, N.J., bas reduced the cost of a number 
of rubber-lined, welded steel tanks (Fig. 1) by appro 
mately 12°; This reduction was made possible by 
the high ce position rate ol the tron powder electrode 
ind their easy cleaning propertie 
Construction of the tanks consists of cutting the 
cin, BAK 1020 steel plates to size and welding the Fig. 2 Close-up of the bearing saddles shows the smooth 

sides and bottom together with fillet’ welds Phe di appearance of the welds 
viders and end plate ire inserted and are also fillet 
welded Open corner welds are used in joining the edge flanges to the tank sides Circular se 

’) are added as saddles for bearings used o 
G. B. Bailie D _— ss sate x, S equipment 

Part of the savings gained from changing to the 

powder electrode from an E-6013 electrode 

possible by increased welding speed Ho 

larger part of the savings came from the exc 

properties of the electrode since a 

must be ground flush for insertion of a rubbet 

removal, bead shape and smoothness, and am¢ 

patter are ot primary importance Un 

joint conditions, iron-powder electrode 

itself upon cooling (Fiz. 3) Seads are « 

smooth, equal to automatic welds 


Chere is little spatter with this ty pe of rod 


Fig. | Tank on left was welded with an E-6013 electrode; 

tank on right, with an iron-powder electrode. Bead 

appearance and shape is important for subsequent rubber 

lining. Note difference in bead size and shape on corner Fig. 3. In this edge weld, slag peels upon cooling, leaving 
welcls the smooth, flat bead 
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Papers Committee Completes Technical 
. New Booklet Describes AWS 
Program for Fall Meeting ra es og 


R ookilet explaining the 
tentatiy rogram | | cl i 0 0 7 pole ( 
aga { ’ ‘ nd activities of the 


sions has been planned b : CAN WebpIng Sociery and 


ipproacl 


nical Papers Committee the benelits of mem- 


, . ‘ continuous-led ¢ | 
tiona ] ill \l ee ting to ( weld it ! mn i au ( ist been completed 


October 17 | ) ( ie ; ‘ rye two-color bro- 


ind , ; _ ; ; ee ( ‘ ed by the National 
‘ . ( ommittee will he 


prospective mem 


it the SOcIRTY Major 


inced 
papers Wi pot “a5 buat } } r immed tube 
tM lire ( tec toward 


england 
thie hand ol possible 


aint d supporting mem 
future the booklet 
iled to every AWS 
| them what their 
ny Keach member 
Lo pass on his COPS 
e member as part 


get-a-member cam 


is attractively 

le resistance " ind white and 
titanium ipphed to tan cor chart showing the 
AWS since its founding 

1’) otographs ol typical 

ties are also included 


reach brochure is a 





yned ime mbership “ap 


TA 





Brazing and Soldering sa epiy : Seay na | ( r- riggs itive book 

by A. N. Kugler isal not iod r phase of the original prob 

et has been under study, 

Brazing MOCTIAE ; j t nad til on thir i nner, for an almost equal 

Work has progressed to 

i e it expected that the 

tive over-al : oes : } ‘ ( ally ( ‘ | lering Manual, another pio 

Recommended Pract ‘ in important field, will 
thre Lrious AWS ti neal I ‘ ( » on 

awe Complete, Illustrated 


Report on the 


1955 AWS National Spring 
Veeting 


time was d I P I "s be Sure to Read 
A. N. Kugler August Issue of 
on ‘Air Reduct c n of {24 ‘ Itisy at $4.7 men Pun Weiping JOURNAL 
Reduction Co., Inc 


Jury 1955 Society Neu 








THINGS YOU SHOULD KNOW 





When our Soctery was founded in 
1919, those who organized its manage 
rtainly have been 
endowed with keen They 
created an organizational pattern which 
served the Soctery and the industry 
It is only 
now, more than 35 years later, that we 


ment structure must 
foresight 


well indeed for many years 


are forced to consider changes in strue- 
ture 

The American WELDING Society is 
growing in numbers—fast. Its mem- 
bership has more than doubled during 
At the same time, 
its activities and interests have increased 
Periodically, it receives 
requests to perform new tasks and ex- 


the past 15 years 
tremendously 


plore new fields of endeavor for the wel- 
fare of its membership and the welding 
industry, activities that are both verti- 
cal and horizontal. It is evident, then, 
that still greater expansion and exten 
sion must be the order if the AWS is to 
perform the function for which it was 
ittain the objectives Cs- 
the Sociery must 


created and 
tablished as its goal 
strengthen itself organization-wise so 
that it will be 
handle its task 
Recognizing these needs, the Board of 


ulequately geared to 


Directors have authorized the organiza 
tion of a Special Committee to Study 
AWS Organization Structure with power 
to bring forward recommendations for 
Board — itself 
Plummer has 


reorganization to the 
Past-President Fred L 
heen appointed Chairman of this new 
group and is now making the necessary 
arrangements for its organization 

@ Kffective on June Ist, Lewis Gilbert 
executive editor of Industry and Weld- 
ing, will assume the office of Chairman 
of the National Membership Committee 
“Lew” gets about the country quite a 
bit, and is an ardent booster for AWS 





What AWS Means to 
All its Members 


Membership in the American 
Welding Society means many 
services and benefits for all its 
members. Here are a few: 


© Up-To-Date Welding information 

© idea Exchange 

® information from the Experts 
Technical Assistance 
Codes, Standards, and Specifications 
Pooled Knowledge 
Research 
Advance with Welding 











J. k. (Bd) Dato retires from the same 
office after 13 months of real promotion 
effort. Every Section Officer feels that 
he personally knows “hd 
his monthly 


as a result of 
breezy, informative and 
human-interest Membership Memos 
Thanks a lot, “Ed,” you did a swell job. 
Good luck, “Lew for your coming 
year 

@ This has been a 
year, starting with January Ist 


humdinger’ of a 
Your 
Secretary, from January through mid- 
June, has actually spent less than 30 
days in the Headquarters Office. He 
has been in the air so much between AWS 
Section cities, that he has a permanent 
“humpback” due to eating out of his 
lap. Part of his tours were with Pres- 
ident J. H 
accompanied your Secretary along the 
Gulf Coast, through the Southwest and 
up the West Coast, telling, along the 
way, in his friendly 
style, AWS members and industry what 
AWS has been doing and its plans for 
doing even more. Right here, both 
“Joes”’ want to thank all the Sections 
they visited for their wonderful hospi- 
tality and = excellent 
gether, we attended the International 
Acetylene Assn. meeting at Houston 
Tex., and the Western Metals Congress 
at Los Angeles: both affairs were fine 


(Joe) Humberstone, who 


down-to-earth 


turnouts To- 


The Secretary also attended our Cleve 
land Section Symposium, our Detroit 
Section Ladies Night Dinner Dance, and 
our Washington, D. C., Section Annual 
Dinner, all grand experiences 

@ On April 29th, the Soctery’s Execu 
tive Committee held a regular meeting 
in Pittsburgh, Pa., at the Hotel Carlton 
House, where they transacted a healthy 
volume of business Pittsburgh inei- 
dentally, is certainly putting on a “new 
new bridges, new 
hotels and new atm sphere. The entire 
Executive Committee, Assistant Secre- 
tary Frank Mooney and your Secretary 
were guests of the Pittsburgh Section 
that evening at their Annual Tri-State 


face’’—new buildings 


Dinner. Wish all of our members could 
have seen the beautiful welded iron dec- 
orative table, with welded AWS emblem 
worked into the structure, which was 
given as the grand prize. This table 
was built by Joe Minnotte, our Pitts- 
burgh Section Secretary Mr. Minnotte 
has given over a quarter century of ser- 
vice to the welfare and affairs of his 
Section—orchids, and more, are cer- 
tainly in order! 

Joe Macraru 


Soctely News 





Bulletin No. 22— 
Welded Tee Connections 


The WELDING’ RESEARCH 
COUNCIL has just issued Bulletin 
No. 22, “Welded Tee Connec- 
tions,” giving strain measurements 
and hydrostatic tests to destruc- 
tion of various methods of provid- 
ing reinforcement of welded tee 
connections in large diameter gas 
transmission pipe. Bulletin con- 
sists of 24 pages. Price: $1.00 
percopy. Limited edition. Copies 
may be ordered through the 

American Welding Society 
33 West 39th Street 
New York 18, N. Y. 








Second Annual Midwest 
Welding Conference 


The second annual Midwest Welding 
Conference will be held Feb. 1 and 2 
1956, at Armour Research Foundation 
of Illinois Institute of Technology, 
Chicago 

Dates for the event, sponsored jointly 
by the Foundation and the Chicago 
of the AmericAN WELDING 
Society, were announced by Harr 


section 


Schwartzbart, research metallurgist at 
the Foundation, who is conference ch: 
man 

Twelve speakers who will 
various phases of welding ar 
featured at the two-day conf 
Three talks each will be devoted to tw 
topics —resistance welding and de 
for welding 

Approximately 180 person 
the first welding conference held 


itternae 


February at the Foundation 





Happy to Know 
We Were Wrong! 


In the caption accompanying 
the “Old ‘Timers’ photo on 
page 474 of the May issue of 
Che Welding Journal, we identi- 
fied Mr. Bernard ( Tracey 
(No. 28) as being “deceased 
We are most happy to announce 
at this time that, according to 
recent information received from 
our good friends at the General 
Electric Company, Mr 
is very much alive and enjoying 
fine health 
error, Mr. 
our warmest wishes for 


Tracey 


Please forgive us our 
Iracey, and accept 
many, 
many more years of good health 
and happiness! 


The Editors 
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Section News and Events 


as reported to Catherine O'Leary 


RADIOGRAPH INSPECTION PLANT TOUR 
OF WELDS tt of the Linde Air Produ : 
; na Cambridge, Mass.-An afternoon 


lant tour was made by 


Albuquerque, N. Mex. 
buquerque Section held its 
ing on Friday Apr 
P.M. The meeting 
Industrial Arts Build 

New Mexico 


> 
on Vadiog 


nd guests of the Boston 
ldth through the new 
teel warehouses of the 
es Co. in Cambridge. 
vcellent opportunity to 
n methods of packing, 
cutting of steel prod- 
re is the most modern 
ind plate shearing ware- 
t (oust 
suuquerque; and since this meeting “el scott of the ealtinn a eve y program was under the 
ved two distributor: velding nl ' mand Mi) awe lirectio f the Brown & Wales Co. 


the Section was pleased to ha 
. i i hort demonstration of powder! 


turnout of bout 25 me ) 
_— , os y ol iituminum ( t iron ete 


Ine - : m | 75 adjourned to 


Vas a Dusy week for welding \ " ' 
phar ( ( i live aemor 


i colored movie entitled, 
the Chesapeake.”” The 
ruest son hee Ol nersigtencs of the audione n through the courtesy 


The officers of the Albuquerau on 
thi 2-Ting Circus eontinued unt em Steel Co 


that then - \ I nee 

! rly 11:00 P.M. and ypreciat 

operation as a Section has been a 0. eggs SS ADI ELECTION OF OFFICERS 

fruitful one from the rdipoint§ of ; 

educat ee Fating Bridgeport, Conn. — The Bridgeport 

ducation, assoc lon ane kperien 

and they hope to maintain steady ELECTRODES Section announces the election of the 
eat , earns a ; Nlowing officers for the 1955-56 

Section strength ind i@tivity ( Fort Wayne, Ind. The 


upon the first yeul experience an il Ot the tnthony Waun ( 
n—Stephen Lengel, 101 


Brook Ave., Bridgeport, 


Section fee | 


in the conference 


can Steel Dredue * 


INERT ARC WELDING of the Amer on 
il nian ot about OU 
Albuquerque, N. Mex. —T lh e(hairman-—-E, Stainano, 
ium Ave., Hamden, Conn. 


ing of the 1 /buquerque Section st ‘ ( ra ' ost , ng > I 

it approximately 8:00 P.M. on } alk « etrodes in genera 4 ‘é lary a Barker, 56 Roseley 

evening of May 20th in the Industria he new on-powder el] rod ind ) geport, Conn 

Arts Building of the University ent AWS Classics easure R. A. Lalli, R. A. Lalli 

New Mexico. Chairman Will; 247 Madison Ave., Bridge- 
onn 


nounced the results of the eles STRUCTURAL WELDING pital saree 
’ } } Cmoerantep OMmmtiice 


of ofheers as tollo . 
‘ Phoenix, Ariz. —La Mott Lobe Monde, Harris Co., Ine., 
Aairman ) wa | sy n ¢ 
, , N i of \ Reduction Co nsipiol Ave., Bridgeport, 
Olds Plumbing ) . 
| ) . ‘ ‘ the guest pen 
. ' , | inner meeting ‘ Program Committee Leo 
oettcher, Sand rp . 
. te iz07 ection Hy ibject "7, ( teh 240 Parritt Ave., 
Vice-Chairman . d ‘ : 
‘ . | biol id Practice | if 4 eport, Conn 
_ ieee i Weld vas il ! il Representative Joseph kK 
Farrel-Birmingham, Main 


| 
dustri ; 
, e me ( ad ¢ ! vere i =f \ mia, Conn 


nbers-al-Large () 
| PRECISION FLAME CUTTING 


Chicago, Ill.-On Friday night, 
\ 2 the Chicago Section joined 
th the Calumet ASM Section 
tetandingly good meeting. 
vas held from 5:40 to 
Restaurant in Ham- 
ind dinner was served 
heginning at 6:30 P.M, 
more roast beef, fried 
Foundry 
ned pere h than any one 
ilthough a number of the 


Ve rn Havo 
Linde All Prod ed their best 
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AT THE MAY MEETING OF CHICAGO SECTION 


A part of the crowd assembled to hear Levi Tarr discuss the recent advancements 
in “Inspection of Welds", at the May Meeting of Chicago Section 


Barkow 
Natural 
(ins Pipeline Co. of America, spoke on 
Alaskan Pipeline This 
interesting with 
howing the beautiful coun 
Alaskan terri 

slides 
through 


Following the dinner, A. J 
WS, welding engineer of the 


Laying an 
most 
the slides 
try that exists in out 
tory Mi Barkow 
showed the rugged 
which the pipeline was layed 
sson of the 


various obstac les 


was a ubject 


also 
terrain 
ind dur 
ing hus diseu problems, he 
mentioned the that 
had to be overcome 

The principal speaker of the evening 
was Howard B. Cary 
intendent, Marion Power Shovel Co 
it Marion, Ohio Ik 


cision Flame ¢ 


welding super 


poke on “Pre 
itting rhe use of 
Marion 
with a 
layout 


chain burning by the Power 


Shovel Co., together well-in 


tegrated design ind template 
manufacturing operation permits the 
plate 


number of variou 


maximum utilization of tee! 
In one case the 
thickme of steel was reduced from 
li to 5 \! 


»yuvreat and «de 


» eflieency of cutting is 
in ingenuity is so well 
integrated that pl utilization re 
ulting in serap of | than 2O°7, is be 
coming the practice 
The tall Vil ery 
ind the large 
brought up from the floor 
the wide tint t 
Nearly 200 


turned out for thi 


pre ented 
number al que tion 


reflected 


ntere 


INSPECTION OF WELDS 
Chicago, Ill. 


met in the 
Light and Coke Co., on 
ning, May 20th 

A social hour and dinner 
held at 


The Chi ago section 
suditorium Peoples (ius 


Friday eve 


preceded 
the meeting and was Burke's 
Grill and Restaurant 

The premeeting movie covered the 
Pan American Road Race of 1954, and 
was a most entertaining and enjoyable 
session opening entertainment 

Speaker of the evening was Levi 
Tarr, chief inspector, Phillips Petro- 


OS6 


leum Co... who spoke on the Inspection 


of welds There were some rather in 


teresting slides shown in addition to 


those of a strictly technical nature, and 
the number of questions following the 
talk showed the interest of the group 
in this subject 

The following officers and directors 


were elected for the 1955-56 season 


Robert R. Lineoln, Ai 
Reduction Sales Co 
lat ViceC'hairman—Jas 
Standard Oil Co 
sna Vice-Chairman 
Barnett Armour 

Foundation 
hKdward Zahumensky 
Taylor Forge ra Pipe Clo 
Howard ¢ 

chinery & Welder Cor 
Directors 
1 yi Adam 
Bridge & Iron Co 
Comstock ‘ ( 
(ras Co Ray 
Crane Co W 
Fenee Di 


(‘hairman 


Bland 


Orville 1 


Researc! 


Secretary 


Treasure 7 


Chicago 
Harry 

viinder 
Mueller 
Wilson 


sunk 


Omimiion 


Bounty 
Structural Steel 
McKinney, Union 
Carbon Corp I iN 
Hobart Welder Sal 
Co 

y! W. §S foedecker, the 
Bastian Ble xg Co W. dD 
Miller, Coast Metals, Ine 
L. C. Monroe, Welders’ Digest 
(’. Wigley, Westinghouse Ele 
tric Corp 


irbide & 
Miller 


W Service 


NONDESTRUCTIVE TESTING 


Denver, Colo... ©. Penney, in 
Nondestructive Re- 
search Department of the 
Denver & Rio Grand Western Rail- 
road, was the speaker at the May 10th 
dinner meeting of the Colorado Section 
held in the Festival Room of the Ox 
ford Hotel Mr 


charge of the 


Testing 


Penney gave an in- 


Section News and Events 


Mr. Tarr shown at the speaker's podium 
while delivering principal address 


teresting and instructive talk 
testing methods used on railroa¢ 
One of the most interesting 
of the electron microscope 
troscope in analysis of the 
oil in Diesel engines: by 
condition, rate of wear 
tected 
imples of hidden flaws 
other 


graphs of lubricating oils 


Slides shown 


equipment as well 


The members were p 
terested in the informa 
wear rate in engines is inc! 
the oil is replaced with me 


! 
LOngel 


gines last vhen the 


in and make-up oil is 
maintain the required 

Creneral discussion ene 
brig 

Jefore the meeting, a cc 
Across Wate 
through the courtesy of the Bet! 
This film shows 
struction of the bridge acer 
peake Bay Che 


miles in length, curved and 


Steel 
Steel Co 
bridge 
truss spans cantilever at 


interesting 
structure 


SDaTLS ith 


not a welded 


PLANT TOUR 
Dayton, Ohio.—The Ma 


of the Dayton section 
Visitation to De 
(7 M¢ Ketter 
Approximately 50 member 


pl int 
Division 


turned out for this tour 
The 


this new modern plant in s1 


Visitors were tak 
and were shown iwide y 
ulacturing operations 
which makes a wide varie 
trial 


products was moved from the 


motors, generators 

of Dayton and relocated in tl 
story plant approximately three 
ago. This enables the plant to sp 
cialize in the larger industrial motors 
while the Dayton plant continues wit! 
the small, fractional horsepower mo 


tors. A wide variety of operations re 
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The four competing teams at the ‘Quiz the Experts Nite” held by the Detroit 


Section on April 1. Left to right: 
Toledo Section and Detroit Section. 


The winning team from the Indiana 
M. G. Shaeffer, 
N. F. Bratkovich, J. R. Wirt and E. F. 


Section. Left toright 


Holt 


ANNUAL QUIZ 
Detroit, Mich 


Detroit 
()uiz-the hex 


team ind part 


section 


pert 


Detroit 
lain Jules Cruel 
becker and Kd Zulinsh 
Indiana See 
Captain N 
Holt and M.G 
Toledo Sectior . 
tain: John DeWitt 
James Kittle 
inthony Wayne 
Johnson, Captain; Carl Gaby, ¢ 


Laws and kK H Zimmerman 
4 number of very 


were put to the ex 


Section H 


perts ind 


Indiana Section was the 


retaining the first-place trophy they 


had taken a Dinner w 


year ago 


held in the dining room of the En- 
After 


gineering Society of Detroit 


JuLy 1955 


good que stion 
igain, the 


winner, thu 


Anthony Wayne Section, Indiana Section, 
Moderator John Randall is at extreme right 


Roy L. Clark, Detroit Chairman, shown 
presenting the trophy to winner's 
Captain, Ray Wirt 


Houston, Tex. 
tion he ! 


on We 


The 
mis Meta 

ster 
Ninety-three met 
ittended the 


meeting 


SOCIAL MEETING 


Houston, Tex. — The 
Hlou elon 
20th at the 


iinual 
meeting of the 


held M Ly 


(srove 


Section Vis 
Grand Prize 
Installation of new officers an 
they are 


Wehner 


rectors Was held 


(Chairman H H 
Hughes Tool Co 


Section News and Events 


P. D. Morgan, 
Industrial Welding Supply Co. 
2nd Vice-Chairman—Roy Pringle, 

Air Reduction Sales Co, 


Secretary Treasurer W cu. 


ist Vice-Chairman 


Cox, 
General Klectrie Co. 
(ssf. Secretary-Treasurer—k. R. 
Wvekoff, Linde Air Products Co. 
Director James Earthman, Wyatt 
Metal & Boiler Works; Victor A, 
Thompson, Mosher Steel Co.; 
Dick, Todd Shipyards; 
l. J. Kegg, Jr., Champion Indus- 
W. G. Gumm, Linde 
Air Products Co.; and George 
Welders Supply Co. 


Charles 
trial Sales; 


Demecs 


A good time was had by all 


AUTOMATION IN WELDING 


Beaumont, Tex.—-Sabine Division 
of the //ouston Section held its regular 
monthiy dinner meeting on Thursday, 
April 27th, at the Edson Hotel. 

Before-dinner entertainment 
sisted of the through the 
of the Eastern Air Lines, of 
an interesting film entitled “Flying 
ind Hunter's Club.” 
Anthony 
was en- 

Pand- 
with the early be- 
electric are 


cone 
showing, 


courtesy 


Fisherman 
Pechnical peaker was 
AW His subject 

Weldmation,.”’ Mi 

ilt briefly 

of iutomatic 

The problems of manipula- 

tion of part 


Vere an cussed 


necessary to automatic 
welding Problems re- 
iting to automatic welding not found 
ive Welding and a cost 

vere drawn between auto 

ive, Welding to show the 
ind disadvantages, Slides 


lustrate the talk 


HORTONSPHERE 


Des Moines, 
Mare! ecting 
tint Arne 

( entertained and instructed a 


lowa. kor lou a's 
held on the 17th, 
of Chicago Bridge & 


dience on the building of the 
naphere tor use in atomie energy 
rimentation programs By use of 
ind motion pictures, the de- 


ment and construction details 
infolded in chronological ordet 
beginning to end of this 
nificent project 

Preceding Mr. Arne’s speech, Lt 
Huffsmith of the Des Moines Air De- 
fense Filter Center outlined briefly the 


purpo ( 


mie 


ind duties of our Air Defense 


Program in the lowa area. 


TOOLING 


Des Moines, Iowa.—-On April 21st, 
Iowa's Section met at the Kirkwood 
Hotel in Des Moines to hear Ceeil C, 
Peck OWS give a talk on “Tooling for 
Mechanized Welding.”” Accompa- 
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nied by slides for 


many different applications, Mr 


many display of 
Peck 
said there are four necessary requisites 
to be able to design fixtures for weld 
ing and they are (1) Bea mechanical 
2) Ke a electrical engineer 

and (4) 
Peck re 


lates, is different from the last one and 


engineer 
(3) must have been a welder: 
crazy! Kach design, Mr 

presents a completely different set of 
conditions to cope with An excel 


lent sized audience was in attendance 


TOM COLLINS’ NIGHT 
Kansas City, Mo. 


ing of the year for the 
Section was held on May 12th at 
Holiday House with the noted hu 
morist and philosopher, Tom Collins 
as the featured speaker Mr. Collins 
is the publicity director of the City 
National Bank and Trust Co. of 
Kansas City, Mo he has had prob 
ably more repeat request than any 
other speaker in the United States 
At least 70°, of his more than 5000 
talks have been second or more ap 


The final meet 
A Ana Cily 


pearances As usual, he gave a very 


timely and humorous talk 


ANNUAL STAG 
New York, N. Y.-- The final meeting 


of the year for the Long Island Sec- 
tion was the annual Stag-ntertain 
ment meeting, held jointly with the 
Vew York Section, at the Building 
Trades Club, 2 Park Ave., New York 
City, on Thursday evening, May 12th 
The affair was 


350 members and friends attending 


( ompletely sold out 


This meeting, if anything, surpassed 


previous stag meetings and a good 
time was had by all 

The new officers and executive com- 
mittee members for the 1955-56 sea 
innounced by the retiring 


Moles. The 


was pleased to present a Past-Chairman 


son were 
chairman, led Section 
Pin to Ed, who was the first chairman 
of the Section and initiated the organi 
zation of the Long Island Section 
The Executive Committee for the 
1055 
the following member 
( harl ») W 
eral Welding Supply Co Ine 
Mineola, L. I 
let Vice-'hairman Robert M 
Platz, Fairchild Engine & Air 
plane Corp. Farmingdale, L. I 
William © 
Aircraft 
sethpage, L 


56 season will be comprised ol 


Chairman ferry, Gen 


md Vice-Chairman 
MacLaury 
engineering ¢ orp 
I 

Secretary Treasures 
Strickland, Linde Air 
Co., New York City 

Vembers at Large 

John 


man Engineering Corp 


Csrumman 


Albert \ 


Produc ts 


Alvar, Grum- 
Beth 


l-evyr term 


I Jose pl Jungbluth, 
Rayno Distributors Ine 

srooklyn, ma <3 Herbert 
Leary, Whitehead Metal Prod- 
ucts, Ine., New York City; 
Weld-Are Sales 
York 


pruge L 


Joseph Schaad 
& Supplies, In New 
City 
2-yr term: Anton Angiulo 
sau Suffolk Welding, Inc., Bell- 
Keith W. Berry, 
General Welding Supply Co. 
Ine., Mineola, L. I.; H. Robert 
Grordon, R. BE. I Manufae 
Mineola L, I 


Kopcehinski, Grum- 


Nas- 


more, L. I 


turing Corp 
Norbert L 
man Aircraft Icngineering 
Corp sethpage, L. I 


WELDED HONEYCOMB 
STRUCTURES 


San Diego, Calif.__The Aircraft and 
Rocketry Welding Panel of the Los 
Angeles Section, held a technical ses- 
sion and dinner meeting on May 6th at 
the new swank Mission Valley Country 
Club, located in San Diego’s beautiful 
Mission Valley This was the A& 
RWP’S fourth bringing 
together the San Diego members, who 


venture in 


are without a local chapter, the Long 
Beach members and the Los Angeles 
members for a grand meeting 

ki. bk. “Tiny” Hardesty and Howard 
I. Roberts presented a very enlight- 
ubject of ‘Resist- 


Stainless Steel 


ening paper on the 
Welding ol 
Honeyeomb Structures.” 


Mr. Roberts 


ance 


general manager of 
American Helicopter Di- 
vision of Manhattan Beach, Calif., 
introduced the subject matter and Mr 
Hardesty presented the technical as- 


Fairchild’s 


pects of resistances brazing and welding 
work done at his Re 
Plant in Costa Mesa, 


development 
search Plastic 
Calif 

Both presentations were very well 
done Mr Roberts described the 
thermodynamic and verodynamic 
heating problems with which our fu- 
ture planes are to be confronted with 
when reaching air speeds in excess of 
Mach 3 He then compared the vari 
ous mechanical properties of three 
widely used aircraft materials, SAI 
1340, Stainless W and Ineonel X, 
plus a relatively new material, RC 
1308 titanium alloy As the compari 


sons proceeded, it became apparent 
that stainless steels in the full hard 
condition were best suited for high- 
temperature urlrame structures 
This was based on stiffness efficiency, 
fabrication know-how and material 
cost Except for its low modulus of 
elasticity, titanium also looked prom- 


ising; however, its present cost is 
too prohibitive for economical usage 


Mr. Hardesty described 


Various 


Section \ fWws and hve nts 


cursory joining technique 


explored In an attempt to 


tical joining 


utilize fully hardened stainles 


process Whiict 


tesearch development o 


ance roll welding process coupl 
a proprietary base metal su | 
i techni 


aration finally produced 
which could be used to join tl 
thick sheet facings to very thin 
cell honeycomb core 

Core shear strengths as hig! 
psi have been attained { 
tests An average co hea 
psi at room temperature 
at SOO° F are easily obtai: 


present stage ol deve lopme nt 


ANNUAL SPRING PARTY 
South Bend, Ind.—The Muichiar 


Section held an annual spring 
and business meeting on May 
Buysses Hall in South Bend 

The election of the following off 
for the 1955-56 season 


nounced: 


Chairman—Lloyd Ebert 
Products, Michigan ¢ 
Vice-Chairman 
Bendix Products Division 
Bend, Ind 

Treasurer—J A. Miller 
Products Division 
Ind 

Secretary—W. G 
dix Products 
Bend, Ind 

Board of Directors—Tom 
kdwards Iron Works 
gend, Ind Leo 
Whirlpool ( orp st 
Mich.; Harry Hale 
Products Division, Ss 


Ind 


Jack 


Sout! 


A program of motion p 
games, during which Wi 
beer were served and = pi 


iwarded, completed the meeting 


CAST-WELD DESIGN 
Newark, N. 


monthly meeting 

Section was held on Ti 
April 19th, at the Ess 
Newark 


120 members and gue 


Dinner with 
meeting of the Execut 
tee. A short film entith 
Sand’’ was shown f 
ner 

Chairman Kenneth Koop 
the technical 
P.M. and introduced the 
Creorge K. Dreher Mr. Drehe 
retary of the Steel Founder 
of America His talk on cast 


design and application was illustrate 


meeting if O°) 


with slides and was followed 


numerous questions from the floo 
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Extending die life with Crucible 
REXWELD. At points of greatest 
wear, the die face is undercut to a 
depth of 14” below finish dimensions. 
It is then preheated to about 600F 
and hardfaced with REXWELD VT, 
using approximately twenty pounds 
of electrodes. The die is then cooled 
in air, and its surfaces ground to 
size. It is then ready for the press. 


This REXWELDED die is shown 
after 1144 turns of continuous oper- 
ation. During this period 155,000 
pounds of steel were forged, 80% of 
which were Superalloys S-816 and 
A-286. At this point the press fore- 
man reported a slight depression in 
the die face. [t had already given 
100% greater service than had been 
experienced from untreated dies. 


Crucible REXWELD hardfacing rods 
keep dies in service 4 times longer... 


even tougher, more wear-resisting than 
the original die material — and you can 
REXWELD again and again. 


So when you have an application where 


This tungsten-bearing austenitic stainless 
steel die is designed for forging high-speed 
and high-alloy steels on a 1000-ton press. 
Normally, after only 1 to 3 eight-houw 
turns of production, it must be removed surfaces must withstand wear or abrasion, 
try REXWELD. Your nearby Crucible 
warehouse has REX WELD low-hydrogen 


from the press and its surfaces replaned. 
And successive planing operations quickly 


Crucible 


| { Ww 5 


JULY 


reduce the die’s thickness to below mini- 

mum limits, and it must be scrapped. 
But by REXWELDING as shown 

above, die life is extended 400% or more. 


For REXWELD adds a surface that is 





coated electrodes and bare rods in the 
sizes and grades you need. Crucible Steel 
Company of America, Henry W. Oliver 
Building, Pittsburgh 22, Pa. 


IC 4 Uj C j EF LE| first name in special purpose steels 





Company of America 
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BUFFALO SCENE OF “BATTLE OF THE SECTIONS” 


A few of the guests shown during the 
dinner which preceded “Battle of the 
Sections." Niagara Frontier Section 
acted as host 


BUSINESS-SOCIAL MEETING 
Newark, N. J.-—The 


monthly meeting of the New Jeraey 


regular 
Section was held on Tuesday eve 
ning, May 17th, at the Kasex House in 
‘Newark, N. J 

The Executive Committee meeting 
was held at 5:15 P.M. followed by 
dinner at 6:30 P.M., with approxi 
mately 120 members and guests at 
tending 

Chairman Ken Koopman opened 
meeting at &:15 P.M 
ind introduced the new officers for 


the regular 


the coming veat 


Chairman—J. Riley, M. W. Kellogg 
Co - 

Vice-Chairman —] Detlor Isso 
Research and kng. Co 

Secretary iLiberti, Air Reduce 
tion Sale ) 

Treasure ‘ i Foster Wheeler 
Corp 

Ee recut 
term tavley, kisso Standard 
Onl Co M Hoffman, Todd 
Shipyards Corp R. Hubbard 
Magar Car Corp T. Smith 
tethlehem Steel Co., Shipbuild 
ing Div R. Thornton, Metal & 
Phermit Corp 


(ommirttes two-veul 


After a brief business session, H 
Hughey, program intro 
duced Sgt. R. J. MaceCullouch, speaker 
Mae ullouch Is 


Police | Jepartment 


chairinan 


for the evening. Sgt 
with the Passat 
where he has achieved championship 
honors in competition for outstanding 
use of the pi tol Through a live dem 
onstration, he showed some of the 
methods and fine points that make for 
successful training results His dem 
onstration Wa wclaimed by those 
present 

The demonstration was followed 
with the usual get-together and re 


freshment per rod 


BATTLE OF THE SECTIONS 
Buffalo, N. Y. 


business meeting of the 1955 season, 


At the last regular 
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Moderator Charlie Jennings addressing 
the audience. Niagara Frontier team 
is at left. F. L. Rodgers, Chairman of 
host Section, is at right 


the Niagara Frontier Section held its 

annual Battle of the 

April 28th 
Participating 


Sections on 


Sections were Syra 
Olean-Bradford and 


Keach Section was 


cuse, Canada 
Niagara Frontie: 
represented by three experts The 
judging staff consisted of one represen 
tative from each of the Sections plus an 
impartial judge, C. H, Jennings, past 
national president, served as modera 
tor. 

Brain-tickling questions were pre 
pared in advance on the following sub 
jects: manual are welding, oxy-acety 
lene welding and eutting, brazing 
inert gas welding, submerged are weld 
ing, resistance welding, electricity and 
electric welding 


equipment Inspec 


tion and testing velding 


metallurgy 
safety, miscellaneou 

To eliminate differences of opinion 
concerning correct answers, the of- 
ficial answer to each of the questions 
was in the hands of the judges and 
the moderator In rebuttal, each See 
tion ran the chanee vyinning or los 
ing up to the full point value of the 
question. 

As in previous years, this proved to 
be one of the outstanding 


the vear. \| 


meetings ol 


Sections participating 


ll 
were backed by good representation 


from their respective districts, and 


were cheered and actively supported 
by their backers 

The Niagara Section took a sub 
stantial lead in the first round and it 
looked like they had the champion 
ship in the bag In the sueceeding 
rounds howevel! our Canadian 
friends, Syracuse and Olean-Bradford 
ind the battle was 
neck and neck going into the home 
stretch In the final 
starting Olean-Bradford team, ably 
led by Michael Robertson, swept aside 
all competition to win the grand prize 
and the 1954-55 championship. This 
made it two in a row for the “South of 
the Border Olean-Bradford boys 
they had also captured the 
1953-54 championship 


came bac k strong 


round. the slow 


since 


Section News and Events 


The four judges who had the difficult, 
though pleasant, task of 
winners are at left. Syracuse Section 
team is at right 


selecting 


Licking the 
teams good 
they would ha 
time to their tex 
coming year if they 
crack team next ve 

Charles Jenning 
usual stellar perfor 
between round 
quips, and keeping 
ot visitors under 


contest 


ANNUAL MEETING 


Minneapolis, Minn. 
west Section ended a 1 
vear with their annua ent 
dav. May 16th. in the Le ‘ 
the Covered W won wu \I 
ighty-five members atte: 
new officers and see the nonte 
films offered for their enjoyt 
The following officer ‘ 


Chairman ( M 
ing Engineer 
nance In 
Vice hairmar \ 
Technien 
feduction Sales 
Secretaru-Treasure 
Minneapo 


Commerce 


pervisor 


Polzin 


C. M. Clogston 


Tue WELDING 





! 
W 


ling 


tu 
thre 


if 


Superintende 
tu Co 
President, Kenny 
Co Warren | 
Engineer, Brown 
13 


J Mant 
resentati 


rai Stee 


Mich. 


Flint, 
S } 


ij 


I 


equipment 
ell Instr l 
Du ‘ ly 


‘7 
‘ 


‘ 


! Onn 


NEWLY ELECTED OFFICERS 


Pittsburgh, Pa. 


“~( ( 


25, P 
H. J 


1400 | 


STRUCTURAL WELDING 
ANNUAL DINNER PARTY 
delphi 


Portland, Ore 


a, Pa. 


Phil 


; 


Phila 


i 


\I nih 


Co 


PLANT TOUR 


Seattle, Wash. 


lion News and Kvent 


re 


ey Section sponsored 


Puget Sound 
interestin: 
Kinnaird QW, of the 
( Renton 


the scope of opera 


the 


ol 


un 
Foundry 


o., 


( and colored 
the 
iT products 


well-conducted tour 


ul u 
Inanulacture 
This was 
ol 


on 


forge shop, steel shop 


mi car assembly lines 


SYMPOSIUM 


the 


it 


On May 12th 
Automati 
A speakers 
eld at the Durant Ho 
to the 


rOstun On 


, 
POCCASSOCS 


meeting 


prior 


ided by the guest speak 


ession chairmen, sec 


il 


equipment demon 


(| as 


iin fulfilled it 


i get-acquainted 
pul 
ivres and refresh 
ifternoon techni 
held thie 
urant Hotel 
capably 


of National 
‘| hii 


( mand 
The 


eon 


Ith 


| l hes 
NI vehiine 


by 


Clo 
electri 
on the “Fundamental 
Are Welding Mi 
ered the basie prob 
in this 
ercotie 


An 


covered 


Lineoln 


process awn 


Reduction Sales 
the hun 
electrode 
Mann's 
Various 
thi 
showing 
different 


sper ial 


onsutmable 
Mi 
the 


ng 


he use of 


mixture in 


! filo 


pe ed 


rn-olf with 


lilectric, 
and Its Ap 
Tuthill’s talk dealt 


ri ope powel 


Creneral 


(0), Crns 


Ing 


rbon dioxide gas as a 


coffee talk was given 


who gave a very 


ol 
in the Army during 


int his experiences 


n of the afternoon se 
Ale (nM k 
('o 
The 


of the Saginaw 
and president 
peakers in hi 
Hobart Brothers Co., 
Constant Voltage 
to Automaty 
His inter 
illustrations of 


eation 
Cs very 


ided 
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R. W. Tuthill, S. Fisher, Session Chair- 
man, R. Wilson, H. D. Mann 


various constant voltage welder ap- 
plications 

G. K. Willecke of Miller Electric 
Manufacturing Co 
ered the tecent Developments in 


Rectifier Welder Design.”” Mr. Wil- 


lecke discussed the various problems 


whose paper cov- 


encountered in designing rectifier type 
welders to conform to the various am- 
pere-voltage curves and made a few 
interesting comments on what the 
future holds in the inert are welding 
field 

N. ©. Sehreiner of Linde Air Prod 
ucts, who spoke on “Multiple Elec 
trode Welding by the Submerged 
Arc Process Mr. Schreiner’s talk 
covered thoroughly the various facets 
of this subject 


plications were discussed 


Various industrial ap 


A very lively question ind-answer 
yy riod was held following each session 

The dinner meeting and evening 
demonstration session was held at 
Motor Institute | W 
Longair, the evening chairman, in 
troduced the 
Cowing, president of General Motors 
Inetitute. Mr. Cowing briefly outlined 
the subject 


General 


guest speaker, G. R 


comprising the core of 
the engineering curriculum He re 
viewed the history of the welding pro 
gram at the Institute and the philos- 
ophy behind it Ile also suggested 
several way in which the Welding 
Society can aid in maintaining closet 
coordination between sehool ind in- 
dustry 

br irst Mi (owing uid, “The 
WerLDING Soctery can be the vehicle 
which members in 


through faculty 


the various kills ean interes hange 
ind continue their 
Il understand that 


cational committee 


ideas, participate 
self improverme nt 
vou have an ed 
This committee should establish a li 
iison between those responsible for 
instruction in welding technology and 
the Socrery Through your meetings 
ind through vour publications they 
ean be advised of trends and new de- 
velopments 

“In the second place, I suggest that 
students who join your Sociery be en- 


couraged fo remain members The 


Ho 


OFFICERS AND SPEAKERS 
AT AUTOMATIC ARC 
WELDING SYMPOSIUM 


Front Row: Simon Fisher, W, E. 
Moehring, Section Chairman; Back 
Row: W. F. Williams, Symposium 
Chairman, J. N. Alcock, H. W. Longair, 
1. S. Makulinski, Section Vice-Chairman 


critical years in the transition from 
student status to full professional sta 
tus are those two to five years follow- 
ing graduation. In those years the 
student is usually so vitally concerned 
with establishing a home and becom- 
ing a member of his employing organi 
zation that oftentimes he permits his 
professional affiliations to lapse. Your 
Sociery might promote through its 
meetings the participation of some of 
these younger members of the profes 
sion 

“Third, an active interest on your 
part would support the training activi- 
ties in those schools where welding 
Our own insti- 
In our 
courses for engineering students the 


technology is offered 
tution affords an illustration 


application of welding fundamentals 
is shown by means of actual plant 
procedures and problems rather than 
by theoretical or academic ones. This 


not only increases the value of our in- 


struction but also adds to the man’s 
ability to solve future problems. This 
tie-in that exist 


fundamentals and applications is made 


between welding 
possible through the eNX ellent cooper- 
ation and close relationship which the 
Institute maintains with the actual 
the division, the 


of General Mo 


users of its product 
plants and the deales 
tors 
Finally n you relations with 
schools, remember that the instructors 
who are producing the major part of 
the educational foundation for the en- 
gineers of the future are not necessar 
ily those engaged directly in instruc 
Make 


sure that those engaged in teaching 


tion in welding technology 


the physical and engineering sciences 
have an opportunity to see the de- 
velopments you are making in order 
that they may lay a better foundation 
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H. W. Longair, Session Chairman, G. 
N. Alcock, 


Session 


K. Willecke, J. 
Chairman, H. Orr 


in those sciences for the future apy 
cation the graduate may have to ma 
to your field.” 

Tours of the Institute’s fa 
and welding process demonstrations 
were held concurrently. Live demon 
strations were made of the inert 
processes using carbon dioxide 
and activated wire. Constant po 
tial submerged are welding was 
along with the automatic are 
control process Simulated 
points were welded using the 
ple electrode process and alloy 
tions in the flux 

Semiautomatic hard surf 
also demonstrated using 
netic alloy flux and composi 

Approximately 150 people 
each of the sessions 


Saqiunau Valley Section 
the election of the follow 


the 1955-56 season 


ving Mal 

W Philadelphia B 
Mich 

Ist Vice-Chairmar 
W oollard Route 
Mich 

Secretary— Joe 
Jefferson Av 

Treasurer W 
Covert Rd 


Chairman—Irving 


EARTH MOVING 
EQUIPMENT 


Alviso, Calif.J. kk. Richt 
the Wooldridge Manufacturi 
sion, Continental Copper & Stee 
dustries, was the guest speaker 
April 26th meeting of the Santa ( 
Valley Section held in Vahl’s ( 
Alviso Mr. Richter’s subject 
“Welding and Fabricatior 
Moving i quipment Mr 
first became connected wit! 
Manufacturing Diy 


dridge 
1938. Since 1947 he has se 
chief engineer and has direct 
sion over product engineering 
equipment, jigs and fixtures 
spection 


THe We.pine Jor 





Shown facing camera during dinner which preceded meeting are (left to right) Mr. Richter is shown here during his ad- 
Mike Sebastian, Francis Bell, Jack Garrels, Treasurer of Section, Fortune Masdeo, dress on welding and fabrication of 
Second Vice-Chairman, Mansfield Griffiths, Chairman, J. E. Richter, Speaker, Ed earth-moving equipment 

Strohmair. Ray Townsend is at lower right-hand corner 


kert, 1303 30th St., Sheffield, 


( nica Representatwe Fred 
ANNUAL MEETING ecretary— ry oth St. Shefiieh 
Miami, Fla. Che annua macy 


ind buffet supper of the Sout! 


Section eras bald en May 104) ELECTION OF OFFICERS ANNUAL MEETING 


Tap Room of the Regal Brewery Sheffield, Ala.—-The Tri-Cities Se 


After-dinner speaker was th tion announces the election of the 


prominent “‘Dutch’’ Sulzberger, club lowing officers for th ORR—Re son : 
nd | er ' the 1955-56 ss ind Lad Night with an attendance 
eitit if iti ‘> 


Washington, D. C.--The Washing- 
i Section held its annual meeting 
ere > ‘ ‘ leeturer 
4 pescdhas hs | Mr su zberge } . an Tre vhitt i Shiele of 245 me bers and guests on Tues- 
van i the Molter clits. humerous ; Oth St., Shetheld le day, May 3rd, at the Old Georgetown 
pening ID AC 4 / e-hairman— Robert 4 Hospitalit Hall of the Christian 
ante tok Wie ipaer® os 51S W. Tusealoosa ul Brewery Highlights of the 
Rcoaliel orence Ala -vening vere the presentation of 
Norman R Cr00d is harman Pin to Bernice M. 

Revnolds Metals, Parts Division ePhe mn, chairman of the Washing- 
Box 791, Sheffield, Ala Oo} ection installation of new of- 
Treasurer Leroy Feild Post 1 main nddress ol the evel 


The chairman of the nomi 
committee, Mr Wingerter, announced 
thre election of the following officers 


Chairman Al Thompson g Supply Co., 2901 Jacl ig er Congressman Calvin D, 
fst Vice-Chairman Paul Greent on Highway, Shefheld, Ala OnnSO ind a dance 
gel Chairman. Membership Committee Ingram, formerly a member 
nd Vice-Chairman yher baal John Burke, Lake Di Route 2 ol vecutive Committee of the 
ing Ix n, Als on Section and now located 


WITH THE WASHINGTON SECTION AT THE MAY 3RD MEETING 


a | 9 
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MR S025 ota 
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rit 
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(Left to right): Mrs. Merton F. Duvall, Dr. Morgan Williams, National Bureau of Standards; Merton F. Duvall, Mayor of Gaithers- 
burg, Md.; Joe Magrath, National Secretary of American Welding Society; Mrs. Bernice M. McPherson, Chairman of the 
Washington Section; R. Alden Webster, Incoming Chairman; Mrs. Godfrey, wife of Michael Godfrey, Program Chairman; 
Mrs. Everett, Richard Everett, Immediate Past Chairman; Mr. Basil of Lincoln Electric Co. of Baltimore; and Howard Montaigne 
of District Oxygen Co. 
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NEW G-E AC 


offer a group of tested performance features 


COMPARE THE VALUE 













Prove the superiority of = LIFE EXPECTANCY 
General Electric a-c weld % . Te F 
ers to yourself. Just check 
this feature-by-feature 
comparison of G-E welders 
with four other popular 


makes. You'll see that only 


G-E provides you with all 
STARTING \/4 1/2 i/4 1 
180 260 340 ARC 


es <4 
af a HOTTEST SPOT TEMP. IN °C 
fe ; . 


these features for top 
SECONDS 


performance over a long 


lifetime of service 





MOVING COIL DESIGN nherent SILICONE INSULATION 138 H) with AUTOMATIC HOT START 

point eccurecy in current selfing disintegrote ordinary insviction, nape 
GENERAL ELECTRIC | ~~ a | ae 
MANUFACTURER “A” \ 
MANUFACTURER “B” Va 

| _ 0 

MANUFACTURER "C” \ Vie 
MANUFACTURER "D” 





ASK ABOUT FREE TRIAL OFFER—Contact your local G-E Welding Distributor for full information. He is listed in the 
yellow pages of your phone book. Write for Bulletin GEA-6243 to Sect. 711-2, General Electric Co., Schenectady, N. Y. 














WELDERS 


unmatched by any other welder 


Four husky ratings—295, 300, 400, and 500 
amps; feature high open-circuit voltage. 


aSeet ee See eee 


-_ 


_ 





ARC STABILIZERS assure LARGE CURRENT SCALE con be read EASILY REMOVABLE SIDE COVERS ster sl lee etek) Gam tele), a 
steady arc, faster weld easily from the job; expanded in only three screws have to be re current adjustme . 
nq, fewer patch ups low range for extra-fine accuracy moved for quick access to inside tior r 
l = 
' 
/ 
} + } 
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: } + + 
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' | 
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’ 
| 
' 
; + ; ; 
| 
: | 
: | 
j / 
' 





NERAL @@ ELECTRIC 








in New York 
tion of the Past-Chairman’s Pin “to 
the only woman in the AWS to be so 
signally honored—Bernice M. Me- 
Pherson who has held the position ol 
member of the kxecutive Committee 


made the presenta- 


secretary and chairman of the Wash 
ington Section 

Installation of R. Alden Webster as 
chairman of the incoming year wa 
made by Richard Evert, past chair- 
man 

The remaining officers for the 1955 


56 season were announced as follows 


V ice hairman Is M | Wil- 


liames 
Secretary K. Davis 
Treasures R | Lyons 


KEK recutive Committee 

Term expires 1957 
Bernice M. MePherson, Capt 
R. D. Sechmidtman, M. F. God 
frey, T. W. Bowron, A. L. Tart 
ind | W Keachbacker 

Term expires 1956 
R. W. Evert, W. J. Hill, F. ¢ 
Sailey M Huyase, G. G 
Luther and F. W. Davis 


The evening bewan with a buffet 
supper and was concluded with dane- 


ing 


MOVIES 
Springfield, Mass.—‘The April 12th 


meeting was the final meeting of the 
season of the Western Massachusetts 
Section. Two very beautiful and in- 
teresting movies were shown entitled 
“Canadian Pattern’? and “Canada’s 
Tackle Busters.” 
through the courtesy of the Canadian 


These were shown 
Pacific Railway Co. They covered all 
the principal cities starting on the east 
coast and ending on the west coast. 
All points of interest were shown and 
also scenes along the railroad in the 
mountain which were very colorful. 
The picture, “Tackle Busters,”’ was a 
fishing scene which was of great inter- 
est to anyone with any sporting blood 
at all The picture featured two eld- 
erly men competing for the prize fish 
of the day, and of course the freckle- 
faced boy with his hiekory pole and 
pet cub-bear fishing off the bank 
walked off with the prize fish. Re- 


gardless of age, it was enjoyed by all 


ANNUAL WELDING 
CONFERENCE 


East Lansing, Mich.—-The annual 
Spring 


Western Michigan Section was held in 


HO6 





Welding Conference of the 


AT THE SPRING WELDING CONFERENCE OF WESTERN 


MICHIGAN SECTION 





Standing (left to right) J. R. Stitt, Detroit, Mich., District No. 6 Director; Robert E. 
Kemp, American Seating Co., Grand Rapids, Mich.; Roy Clark, Uniflex Cable 
Co., Detroit, Mich.; John Mikulak, Worthington Corp., Harrison N. J. 


Seated (left to right) Ernst Duesing, Conference Director, Grand Rapids, Mich.; 
John H. Blankenbuehler, Troy, Ohio, District No. 5 Director; Paul Wagner, Battle 


Creek, Mich., Section Chairman 


cooperation with the Engineering 
Department of the Michigan State 
College on April 15th on the College 
Campus in East Lansing, Mich. Be- 
tween 70 and SO members and guests 


attended the one-day meeting. 


The conference was opened with a 
short talk by the district director of 
the section, J. R. Stitt of Detroit, 
Mich. 


The two morning sessions featured 
Aluminum Welding and Product De- 
sign for Welding. 


Robert Kemp 3, welding engi- 
neer of the American Seating Co., gave 
an illustrated lecture on Resistance 
Welding of Aluminum Peter Stern 
of the Reynolds Metals Co. in Louis- 
assisted in answering ques- 
tions on aluminum welding. Charles 
Bruno WS, chief welding engineer of 
the Reynolds Metals Co., who was 
scheduled to conduct the first techni- 


vilie, Ky., 


cal session, became seriously ill just a 
few days before the conference Erie 
Guenther acted as chairman of the 


SeSS1ION. 


assistant to the 
Corp 


John Mikulak @WS 
vice-president Worthington 
facilities and 


discussed — principles 


costs involved in the de wen ol welded 


Section News and Events 


structures and machine component 
The lecture was illustrated by cle 
Chet Vorhorst of Grand Rap 


Mich., 


acted as chairman for the sessior 


introduced the speakel 


Between the first and second mori 
ing session, John H. Blankenbuehle: 
Director of District No. 5, in a short 
address to the attending members 
guests, stressed the importance 
welding and the wealth of information 
made available at such technical 


meetings 


In the afternoon Ralph R. M 
AWS, senior 
Oldsmobile, Lansing, Micl 
troduced by Vic Sbordon, chairmat 
of the afternoon session M M 


production engines it 


Nitt itemized and discussed the 

ous types of welding being utilize 
the manufacture of Oldsmobile aut 
After the lecture the whole 


group went to “Oldsmobile to see the 


mobiles. 


actual application of deep fluy 
seam, roll seam spot, project in 
ert are welding slope contre yveiding 


and induction brazing. 
The day ended with a dinner g 
for the attending officers, the 


ers and their wives 


THe Wewpine Jou 




















Williams Company, Inc., New Orleans, Louisiana, in 


Idealarc Machines being used by the W. Horace 
the production of offshore drilling platforms 








af a] All hand welding must 
\ Py ‘ eventually be done with 
/ IDEALARC-type welders and 
us’ > JETWELD-type electrodes. 





Line up for low-cost welding starts with 


Juty 1955 


these Lincoln IDEALARCS 


Cost reductions you can duplicate now by using industry’s 
greatest cost-cutting twins ...1IDEALARC and JETWELD 


To realize substantial savings in the cost of hand welding, this fabricator takes full 
advantage of his Idealarc welder 


One machine gives him both AC and DC welding 
With AC current, he can use Jetwe/d iron powder electrodes for top speed on 


down hand work 


With DC current, he can use both straight and reverse polarity electre 
On both AC and DC, he selects the best type ar sofc’’ arc or “forceful” ar 


INVESTIGATE IDEALARC for your operations. Lincoln can show you how you can 
y 
make similar reductions in the cost of wel ling. Write for Bulletin 1343 today 


THE LINCOLN ELECTRIC COMPANY 


Dept. 1906 «+ Cleveland 17, Ohio 
The World's Largest Manufacturer of Arc Welding Equipment 


OG 





Nese Alot ealelsias 


Effective May 1, 1955 
MEMBERSHIP CLASSIFICATION 
A Sustaining Member B Mi nber ( Associate Member 1) Student | Honor rv Mae miber 


ALBUQUERQUE Jackson, Robert (Bb Wa Villiam James (¢ NORTHWEST 
Fisher, Joseph BE. (¢ Muszynski, Joseph E.. (¢ dierer, Robert M. (D 
ivage, Russell George (B 


ATLANTA Simon, H. Nelson (B MADISON NORTHWESTERN PENN- 
Cato, Thornwe ( affert Michael (D SYLVANIA 
sto, Thornwel ; FOX VALLEY ee aaa fee 
s. eZ ichael ( 


BIRMINGHAM Johnson, John M., Jr. (¢ Romare, Ernfred J. (B 
Al) R.H.(B OKLAHOMA CITY 
en, K ? HARTFORD MICHIANA 


Stockton, J. I Jr (BD Stevens, David | ( 
Albert Hlens Jos BB (;yvurial Steve ( 

BOSTON Lverla. keverette Lee (4 PEORIA 

al Fred W.. J B HOLSTON VALLEY mt 41 :, 

war wd Pr | By . ale Perr a B MILWAUKEE sree sad oa 

Cumir Waldo (¢ Eberle. Gene T. (¢ PHILADELPHIA 

unings, Waldo HOUSTON 

(joldman, Jom ph (ob Hinrichs, John Fk DD Oleair. Alex M ( 

Hall, Albert 8. (B Averbeck, Albert A. (( Schafer, H. W. (B 
Beasley, Ralph T. (¢ NEW JERSEY Webster. Henry M. (( 

B Clark, Paul J B B 


J 


Sperry Joseph H B 


~ 


Indresano, Delfino (( 
Sweatman, Maurice S - Paul W B Wersler, Clarence | ( 
Filton, F. Elwin (B Connell, Alvin Herbert (B ( on. Edward B.. Jr. (¢ Wismer, Samuel W., Jr 


Hartman, David I (D Qian in. Williar P B 
CANADA Heimer, Erwin (B a PITTSBURGH 


Ols 
Neon, John | I) lohneon, George R. (B Gulasy. Joseph (¢ 


tichardson talph L, ( Hk idron John \ ( Keat W ( rye ( 
CHICAGO tounds, Jerome A. (¢ Lant, Stewart G. (B 
Beebe, kmmett R. (OB Sommerville, John N. (¢ MeCGrath, Teret 5 named 
cal ul ‘ Vietaratn erence , 
DeAngeles, Ron (B Steph Richard Robinson (D \Veverhoff, Charles I ( Miller, William 8. (¢ 
takaha, Fred W. (¢ INDIANA Meverhoff. William Robbins, J. R. (4 
Lanzendorf, John J. (B : Moore, Charles R. (( Wiewall, James L. (( 
Pieree, John M. (B Fitting, Douglas (¢ Moro, Remo J. (( 
- , shin a ; . ‘ SAGINAW VALLEY 
tel] tobert 
. \ e Ralph N ( Duba David I DD 


Skee, Kermit (6 
IOWA 
Smith, Raymond J tidella, A. J Lb Hofman, bugene H 1) 


Sullivan, J. F.,. Murray, Eugene P. (B iri, Thomas A. (B 
i 
Zimmerman, | Smith Donald ( ( hance] H srold ¢ I B SAINT LOU s 
IOWA-ILLINOIS hilling, George J. (B Jasper, edward A. (2 
“IL t it t ni 
CINCINNATI rdato, Vincent Frank (¢ SALT LAKE CITY 
Beck. F. H. ( MeDowell, Clement (B hmidt, Frederick | ( 
thers. D. J. (B Burton, John B 
Hoppin, George 8., TLL (( KANSAS CITY pear, Warren M. (( Watson, Alfred (B 
Keen James H. (« Claus, Fred R. CB tendardi, Paul 8. (B SANGAMON VALLEY 
Kelly, Karl I Ir. (f Goodwin, George (¢ NEW YORK < t D. F. « 
Root, Charles W. (( Kuhar, A. J. (B ecrest, 17 
Stephan, Hans R. (OB Mischke, Rudolph Fe (B Cousin, Frank Thomas (B SANTA CLARA VALLEY 
huste edward Richard, Jr B 
CLEVELAND LONG BEACH Christensen, James © 
White, George William (B Alt, Jack (( NIAGARA FRONTIER SYRACUSE 


Ameroso. Dominic (B Saanh, Cast } ( 
DALLAS LONG ISLAND Kolasa, Michael (B ~ nae gr thats 
Helgerson HLA hi Carroll John Joseph B 
Reiics Sein 8 Of Tn fallin: Athens (D NORTH CENTRAL OHIO TUCSON 
Thompson, John M Ir I Drewes, Luer (1B hKieter, John ¢ ( Nutt, Ashle A ( 
Howard, Charles hdward (¢ Lobdell, Vern A. (B Rautenstrauc , 
DETROIT 1 vers Alvin Bi ssimnl ( harles ] ( Voorl it ht if 
| R Richter, Frank W ( Young, Ralph ©. (¢ Willis. Harold 


VMeCurdy, Leslie Briggs (( 


Reese, Harry I Bi Mucerino, Fred (B 


Garrett, Ollie R. (4 


Bernardi, James 
Bossche, John V. Vanden (B Schever, Bob L. (B 

Cullen, Jobn 1] BR NORTHERN NEW YORK TULSA 
Curran, George F., Jr. (B LOS ANGELES Bosworth, Orson (( Daughert 

Dean, Royal D. (B Henricks, John (B hemmerich, hugene W D Stines, lid. A B 


6HO8 ew Member THe WELDING. 








Page Welding Wire 


PAGE CHECK-OFF a” 


Check the welding wire you use: 





CCO 


product 


Heavy submerged are 


3 met fe % brick, 
Z RARE So ME fae 
Z Z —- £ aa oy 
\\\ Light manual submerged are 


/ ” ” W om 
/| calito m4 a | uw Inert gas manual or avtomatic 


125/200 Ibs. y) 


” a = Ba: 
; . web ' ; PALLETS: 1000-Ib., 21 
ayer Woun == . tb. is : 


oF e SQ Ill I in waterproofed p 
= ee, | 3 oe i, 


| | Tl LeverPaks — 

LEVERPAKS |j|li| i | '[] Perfect protection 
Reclosable. Keep | || | against coil 

wire moisture-proof distortion 


indefinitely or wire rusting 








CARBON STEEL*® Any carbon from STAINLESS « AISI —308, 309, 310, 
Armco (.025 max.) to high carbon 316, 347, 410, 420, 430 and 502. 
(.90-1.10). Allstandard AISI analy- Other types on request. 

ses in between. © PAGE also offers all of these analy- 
LOW ALLOYS? All the most popular ses for oxyacetylene gas welding, 
welding grades. metal spray wire, or bare electrodes. 


Write today for detailed literature and prices 


Page Steel and Wire Division Gas 


AMERICAN CHAIN & CABLE Automatic 


Monessen, Pa., Atlanta, Chicago, Denver, Detroit, Houston, ” 
Los Angeles, New York, Philadelphia, Portland, Ore., Arc 
San Francisco, Bridgeport, Conn 

















WASHINGTON, D. Cc. 


Henry F. (¢ 
Chappelear, Vernon ¢ ( 
Clayton, Herbert Arthur (( 


VANIA 


Hauer 


Cullers, William A. (¢ Mentzer, 
Davis, William T. (¢ Witmer 
Duty, James M. (¢ 

(,00din, Gordon M. (4 


Johneon, Klden G ( 


teid, Wilson ¢ ( Allen, J 


YORK-CENTRAL PENNSYL- 


Duffield, J. Walter (C 
Hopper, Douglas A. (B 
Arnold D 

Kenneth (¢ 


Lester, H. Grady, Jr 
Lind, Willard M. (B 
MeGillivray H. J. (B 


Dan, Jr 
William F 
William B , Jr 


MeKenzie, 
Mever 
Paul 


'( + 


Propf William J. (B 


Yoakley, P. R. (B 


NOT IN SECTIONS 


Jr 


(B 


( Members Reclassified 


tobinson, John W., Jr ( Anderson arl A. (( 
Slaughter, William I. (1 Belk, Wilber (B During the Month of May 
Smith, Wayne (¢ Bondi, Manuel Charles (B 
Stewart, Thomas H. (¢ Bridges, Willie R. (« BOSTON 
Brown (B Johnson, Thure A. (C to B 
WESTERN MICHIGAN Christ, Herman H. (B Mahoney, Cornelius D. (C to 
; Delisle, Robert A. (B Murphy, Harry J. (C to B 
Martyniuk, Ernest ‘T B Dunn, Kdwin A., Jr. (4 Rogers, Robert B. (C to B 
Frost, Elmer F., Jr. (B lrurck, Herbert (C to B 
WICHITA Hagerman, William A. (B) 
Jones, A. Darby (B BRIDGEPORT 
Manewal, Willard G B Kaminis, Peter C. (B (Christie, John L. (B to A 


c= IN 


CURF 


ee a-- 


B 





DETROIT 


Kutchera, Richard | Dt 
LONG ISLAND 

Berry, Keith W. (¢ »B 
Noble, Edward (C to B 


MILWAUKEE 


Chy 


le, 


John J. (B to A 


NEBRASKA 


sernate 


in, Robert (¢ 


NEW YORK 


sellware 


Morris D. (¢ 


NORTHWEST 


Nie Ise n 


Howard (B to A 


PITTSBURGH 


Duffer 


J.C. (¢ 


tok 


PATENT 





prepared by V. L. 


Oldham 


Printed copies of patents may be obtained for 25¢ from the Commissioner of Patents, Washington 25, D. C 


2,707,743 —-Wetoina Jia —-Walter i 
Jenkins, Goldsboro, N. ¢ assignor to 
Dewey Bros... Ine CGoldaboro, N. ¢ 


he nkines p ttented we lding jit ie lucle sa 
frame that has a plurality of rollers posi 
tioned thereon for defining a straight sup 
porting surface for positioning a blank in 
the frame. Fluid-operated pistons are po 
for movement perpendicular to 
engaging arti 
Other fluid-operated cylin 


mito d 
the 
cles thereon 


supporting surtace for 


ders are positioned for motion transversely 


of the supporting surface and have clamp 


ing jaws operativel weociated therewith 

lor engaging & workpiece on the support 

urlace, if desired 

2,707,821 Coto Pressure Wetpinag 
Anthon Bagnold Sow ter \liddlesex 


longland eeigney to the Creneral bles 


trie Co. Ltd London, | ngeland 

hi patent is on cold-pressure spot lap 
welding of two mem of ductile metal 
The method comprises cleaning the areas 
of contact to be joined and arranging the 
reraber with the cleaned areas in con 
tacting relation (me of the contacting 
members is supported against surface dis 
tortion and a pressure is applied in a di 
rection at right angles to the interface be 
tween the members to « tline un indenta 


coupled with 
g ol the 


first 


tion in the second member 
the simultaneous drawi second 
member and indenting the member 
and creating at the 
interface to change the same from flat to 


an extensive action 


rounded configuration, Such indentation 


and drawing is sufficient in its action on 


the members to « in interfacial metal 


flow 


suse 


ind extensive action as to create uu 


solid phase welding bond at such interface 


2,707,822. Metruop ror Coty Pressurt 
Weeping Anthony Bagnold Sowter 
Wembley england isignor to the 
General Lleectric Co Ltd London 


lengland 


This patent relates to the omimng ol a 


pour ol rodlike member ol cold pressure 


flattening 
members be 
flattened end 


iperimposed 


rial und COMpPrises 
the 


weldable mate 
the end 


ek ming faces of the 


portions ol lo 


jomed 
portions ind placing then 
d over an ob- 


, 
relation Pressure i apypolue 


long rectangular ren ot the superposed 
end portions and extending to points rela- 
tively close to short edges of such end por 


tions to cause a metal flow and pressure 
s ? 


weld as in Patent No. 2,707,821 


2,707,823 Meruop or MaKkinc Wure 
Joints BY Coty Pri ne WELDING 
Anthony tagnold Sowter Wembley 
ngland, assignor to the General Elec 
tric Co. Ltd., London, england 
This patent to Sowter relates to a 

method of joining a pair of members of sub 

stantially circular cross section by cold 
pressure we lding technique First the 
members are arranged with the portions to 


he jomed in overlapping, aligned relation 
to engage one another at a substantially 
linear interface Phe outer halves of each 


member are supported against distortion 
while allowing the metal of the unsup- 
ported inner and adjacent halves of each 


, 
rent / alents 


member 


len 


t 


ol 


welding 


members 
the metal of the inner halves and the: 


flow starts at and adjacent to 


and changes the same 


to cold f 


pressure 


low Iree| ul 

ippled 
ire 18 ipphed 
tine 


irom 


figuration to an extended lateral are 


sure application is continued until su 
tially the entire metal of the unsupy 
halves of the members flows 


and the members 


gle member by 


ire combined u 


t solid phase welding 


at the interfacial metal flow pe 


a,é 


Wet 
We mile \ 


ter 


ing 


(07 S24 


members 


tac 


t 


Nlernop at 


JON 


VIAKI 
Anthony Bag 
Lingland, assig 


General Klectri (‘oo Ltd 
england 
This patent re te oan } 
wire and bp ! iM i 
to be jomed are pro 
uncontaminated metallic surf 
vith each other and wherein tl 
of the wire is 


half 


lormatior 


substanti ill 


j A lov 


subjected to a 


to etlect 


the 


distort the 


la 


tially linear 


lateral are 


sup 


to change i 


plate by 


» 


wé 


itt 


am price 


rposed pl 


»- 


conhg 


i solid ph 


Meruc 


Tt 


This « 


terfacial metal flow to 


supported agai 


lized are 
pressure 
ight angles to the 
ntion exter y 
ite and into the 


surrounding met 


om an imitin 
uration into a 
reates an inte 
weld the 


velding bond 


Pri ne WW 


Dm OF 


WELDING JouRS 
































ING Anthony Bagnold Sowter, Wem provided having a pair of loo; rving mentarily passed through the metal part 
bley, England, assignor to the General elements, one between the loop forming ind the stub with the electrode being nega- 
llectric Co. Ltd., London, England mechanism and each one of the welding tive in polarity The electrode is main- 
A method of joining a pair of plates to a machines. These transfer means are mov tained for the duration of the welding op- 
circular in cross-section member is dis able alternately between the loop iorn eration substantially in the position to 
closed in this patent. Uncontaminated ing mechanism and its respective welding which it was brought at the time of con 
metallic surfaces are provided on th machine. Common drive means are pri tact with the end of the stub so as to first 
plates and the circular-section member vided for severing the formed loops a form a molten bead on the end of the stub 
with the circular-section member lhe y moving the transter means at proper | nad imultaneously form an are which 
placed between the pair of plates. Pre te , ‘ » of the 0} rt tinu o fuse the stub and cause it to 
sure is ipplied to opposer ocalized ( mect | mtil it fuses to the metal part 
the outer surfaces of the plates and the 
direction at right angles thereto to eff 2,708,220-—ELecrrope Hoipers ror At 
lentations extending through the ‘ Wi la Jack Pickering, G 2 TORTI \I UPACTURI or Cyeut 
i into the circular-sectior ! ribo Ba Birt wham, england, assign Ir Tom Watson, Birmingham 
} distorts the metal of such circu the General Eleetrice Co. Ltd., Londot | gnor to Walton and Brown 
tion member at and near the int long i Ltd., | wham, lengland, a company 
to provide extended lateral are I} tented electrode holder i \s aun 
eate in intensive intertaci with t i ( velding urre! ter I} ent relates to a method of mak 
! ” rlid phase velding actior and ft ! er Comprise two " ‘ ng ‘ ne components consisting ol 
trv ilated from each othe tl pre y two blanks so that they each 
2 707.826-—METHOD or Maki ( irm | g adjacent it tremity a su main channel and a pair of 
Wetpep Wire Jorn Anti Bag race | ging one electrode of lout ! extending in opposite di 
nold Sowter, Wemble Iengland y ei out Phi ther arm provide i rect ithe main channel. These two 
to the General Electric Co. Ltd | erul having @ inti 1 i secured together in edge to 
lon, England tot the other electrode of the doul edge m by a welding operation and 
Chis further patent to Sowte j ‘ electrode Vhe electrod positioned | t ! ive faces of the pressings 
the joining of a pair of shatantially circu fir t un ingularly vdju table 1 tive ! each other to provide tt 
lr: idiiieaeeiilied cians in enatilons in the second arm to vary the angle o main tubular part and two branch tubes 
sre superimposed and pressure is applied sition of the double electrode extending the efrom Phe main tubular 
to opposed circular welding areas of the ‘ = part is divided longitudinally to provide 
ntart " rtions of thy emheve tn (08,641 Meruop or Apptyinc Mevat two eparate units each comprising a 
Pithily Dh serene — CoatTt ro VALvi Arthur T. Cape ranch tube and tegral part tubular 
direction substantiall it right angles to a , ore . , an integra: | - 
common tangential plane of the contacting Los Angeles, Calif., assignor to Coa port hich unite are thereafter further 
members to effect indentations of the Met Inc., Little Ferr N. J proce 1 in making eyele frames there 
members and the desired solid phase weld Cape's patent is on a method of provid from 
ing action ing a wearing surface for valves and simi an 
. article vhich surface is described as a 2,709,212 -WeLoina Tie Hotoer—John 
2,708,129-—-Arce We.pinc Srup —Frank welded-on facing of a protective metal Mace Detroit, Mich 
K Melemen Haddonfield and Rex A The method comprises supporting the Phe tented electrode holder comprises 
Penlien Dlemmestown Ty estemane { valve so that an annular receiving surface i body | ng a central bore extending 
KSM Products, Inc Merchantville thereon cing In an upward directior therethrough and a bearing for holding 7 
VJ und is supported at an acute angle itl welding dein position is seated ad 
the horizontal The surface is rotated went on lof the body in the bore, A 
Phe patented stud comprise . tud about if VI iX) it a unmiorm speed mgitudinal movable spool Th disposed 
proper having a burn-off length and a por This surface is locally heated until sub im the e and it has a portion protruding 
tion adjacent the burn-off length which re stantia molten and a measured quantit nto t erse opening extending 
uns solid duri weld ¢ e and of molte urfacing metal is rapidl through the bod Che parts are arranged 
forms the base of d \ eu uniori poured trom one point on to tl m ement of a tapered object 
ustaining cohesive flux charge is mounted rotating surface. The temperature of th through the transverse opening will move 
s weld end portion of the stud Phe molten material and the temperature o the spo iy from such opening and 
urn-off length ha t mass-din hing the ibstantially molten rotating sul ‘ } y lationship of the spool to the 
ntation provided therem cause instantaneous coating of the molt« ‘ , josen an electrode disposed in 
urla with the facing mate ! het 
2,:08,228-Appat FOR THI AuTo bonds to such surface 
ATIC PRODUCTION oF | Ls Loop o1 2 700.2 Vievnop or HAaRDSURFACING 
Wire rrom Wire Steck —John Dou 2,708,702—-Lampep Base Weipoing-—W (ile J. Gibson, Berkeley Heights, N 
Crabbe Liverpoo ind fiurie H I Albrecht, luclhd, Ohio y j iweigwnor to Air Reduction Co., Ine 
vd, Speke, | pan bengland to Gene lleetric Co., a corpor Jj 
ignors to Dunlop Tire nd Rubbe . : I} relates to a method of hard 
Corp erie Count N.} I} lent relate fo the eluding ng netally workpiece and it com 
This patented apparatus include 10D lead-it e to a metal part of the base I ‘ Dblishing an are between an 
orming mechanism and a pair of welding in electric lamp and includes the stey electrode and a workpiece to form a pool 
machines, one on each ide of the | making prenminar low resistar I metal on the workpiece and this 
forming mechanism ach welding 1 tact connection between a short lead lover the workpiece. Particles 
chine has a pair of gripping electrodes ind the metal part. The end of the stud are material are introduced be 
holding the ends of a 1kOOp In position tor connected to an electrode i i a irrent hind the into the pool of molten metal 
welding action, and a transfer me having lrooping characts t produced by the are on the workpiece 
Mark Your Calendar, NOW, for 
OCTOBER 17-21, 1955 
AWS NATIONAL FALL MEETING 
Bellevue-Stratford Hotel, Philadelphia, Pa. 
Jury 1955 Current Patent 701 





New Victor Branch 


Vietor Equipment 
Co. opened a new branch office in Stock 
ton, Calif., 1100 kb. Main St. This ne 

completely tocked and equipped 


On June |, 1955 


stores 
to service the Stockton area on welding 
ind cutting equipment and supplies, gas 
or electric, and with complete repau 
Tacilitve 

tichard = Labagl 
VIanager of Vietor 


has been named 


current sranch 

Sacramento branch 
District Manager of 
the Sacramento-Stockton areas Neu! 
Holmes, Vietor Field Service kngineer 

n Stockton has been 
Manager of the new 


with bee viquarter 
named Branch 


Stockton store 


NCG Elects New Officers 


Charles J Haines 


tional Cylinder Cras Co 


president, Na 
has announced 
that, at a recent meeting of the Board of 
Director Walter H. Girdler, Jr., a 
elected a vice-president o 
Alenduff 


director, wa 
the company and Harold W 
treasurer 
Vir. Girdler wa i vice-president ol 
the Girdler Corp., which by merger with 
National Cylinder Gas Co. in 1953 be 
came the Girdler Co., a division of Na 
tional Cylinder He joined the Girdler 
Corp. in 1937 and w elected a director 
145 
Mir. Alenduff, a certified public “ 
uuntant, jomed National Cylinder Gas 
(‘o. in 1936 and was elected assistant 


treasurerin 1942 


New Appointments Made by 
Metal & Thermit 


ippomtments have 


| wo new been 
Thermit 


industrial 


\letal & 


producers of metals 


innounced by the 
Corp 
chemicals, welding equipment and sup- 
plies, According to H, kk. Martin, presi 
dent, J. 1 
tor of research and H. D 


Stareck has been made direc 
\lc Leese gen 
er il - tiles manager 

In his new post, Dr. Stareck will also 
continue to direct the research activities 
of United Chromium, Ine., a subsidiary 
of Metal & Thermit. He joined the re 
search staff of United Chromium, Inc 
in 1935 and for a number of years was 
associated with its Waterbury, Conn 
laboratories In 1941 he 
United Detroit researc! 
laboratories as Director of Research 


moved to 


Chromium’s 


702 


graduated from the Univer 


Jesse Starech Petersburg 
Micl on Mar. 17, 1905. He was 
itv ol Kan 

(sraduate 


1930 and 


sas in 1927 and later from it 
yl MLA. u 
his Ph.D. in Chemistry in 1934 
Nir \ic Leese pre 
dent and manager ol 
United Chromium, Ine vill direct the 
sales of all Metal & Thermit and United 
Chromium products, making his head 


School, recei 


ICe-presi- 


general sale 


quarters in the company executive 
offices in New Yor! 

\ir. MeLeese was graduated from the 
University of Michigan with 
Chemical Engineering, and obtained his 
\Viaster’s degree at Columbia University 


i degree in 


Hill Equipment Moves to New 
Building 


The Hill equipme nt k-engineering Co 
formerly located at 4135 Crratiot St 
St. Louis, Mo., | moved into its new 
building at 1413 Pennsylvania Ave 

Pagedale,”’ St. Louis 14, Mo The new 
quarters, a modern red brick building of 
SOOO ty it ure 
larger than the previous one, and are 


one 
ipproximately 25°, 


equipped with two erhead loading 
doors, one equipped ith a two-ton 


electric hoist to serve pick-up trucks 


Convement off-street parking space ts 
provided for private ea ind trucks 
The office and show roor ure 
tioned 

The Hill Equipment Engineering Co 
1929 by Lock 


uir-cond) 


organized in Novemln 
wood Hill 
equipment ind) supple 
tory is Metropolitan St. Louis 
Missouri and Illinois from the southern 
Peoria 


specialize n ure welding 
Their ter 


eastern 


border up to, and ine 
rganization 
presently consists of | embers. My) 
Hill is president V.V. Neteh and Ss. G 
Bland 
manage D. J 


Schmidt 


The personne 


Hill, vice-president (;eorge A 
secretary and sales 
Buchanan, treasurer; ©. A 
issistant to treasurer; and A. J. Riege: 
lirector 

In 1930, this rm pioneered in the 


Vews of 


formation of the St 
Society, the gro ip ! 
the nucleus of the St Lou 
the AMERICAN WELDING So 


Caluwaert Elected NWSA 
President 


| ( Caluwaert, OKI 
1630 Walnut St 
10, Ohio, was elected presi¢ 
National Welding Sup 
Association's Eleventl 
ention at the Edge 


Suppl Co 


Chicago, last wee 

\Ir. Caluwaert is a char 
the association, has been 
many vears, and for the 
served 4s ice-president 
the association's central 
zone includes the states 
[linois, Indiana, Low ( 
Onsin 

In addition, Mr. ¢ 
tive in committer 
manned the Imnpeo 
(ommiuttec 

The Convention 
ranged this vear’s m 
which was held May Ist! 
20th This was the largest 
vet held 
600 distributors and 


being ittended by 


welding supplies and e 
addresses presented by 
these business ses 
tically rece 
ception on the opening 
convention and the Asso 
Reception on the « ening 
vere both well attended 


enjoved by thre delege tes 


E. C. Caluwaert 


lure WELDING 





Inert Gas Welding ? 


Standardize on Syuania T Et 


tor dependability IND 


/ 


Use THE RIGHT ROD for the job 
every time, and you come out ahead 
three ways! You save time. You save 

electrodes. And you turn out better weld 
To help you fit the rod to the job, Sylvania makes 
three types of tungsten electrodes to meet almost 
any condition encountered in atomic hydrogen, heli 
um and argon arc welding. Each of these three top- 
quality electrodes is manufactured to exacting speci 
fications to assure the uniform, stable arc you need 
for successful inert gas welding. Each is designed to 
give you the utmost in economy; minimum tungsten 

loss in the arc. 
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Sylvania Tungsten Electrodes are supplied with 
chemically cleaned, etched surface .. . the standard 
finish for most applications. Other finishes available 
include centerless ground 

Order Sylvania Tungsten Electrodes in handy 
packages of ten from your welding supplies dis- 
tributor. For technical information write to: 


SyLVANIA ELecrric Propucts Inc. 
1740 Broadway, New York 19, N. Y. 
Canada) Ltd. 
Montreal 


In Canada: Sylvania Electric 
Unwersity Tower Bldg 





Organized on Sept. 17, 1045, the as- 
wciation has experienced a rapid in- 
crease in membership until it now is com- 
posed of over 400 of the leading distrib- 
utors and manufacturers of welding 
supplies and equipment throughout the 
country. The objectives of the associa- 
tion are to promote and maintain con- 


structive cooperation among welding 


sential and efficient service in the distri- 
bution of welding equipment supplies 
and Zises 


Reid-Avery Appoints Neville 
Marshall 


kK. Reid, chairman of the 
board of the Reid-Avery Co., announces 


equipment and supply distributors and 
their sources of supply in order to ad- 

ince their mutual interests; inspire the 
observance of high business methods to 


make for efficient and profitable opera- relieved of his dutic 


tion and encourage adherence to sound Born in Baltimore, Mr. Neville 


poliaie®@and practices; all to the end that tended the Baltimore Polytechnic 


the welding supply distributors may re- 


tain their place and identity as an es- sity He is a certified 


J RINAVRD 


PIONEER FOR MODERN WELDING 


The jaws substitute for stub waste 
by splicing a 2 inch extension to 
the length of every electrode 


Delivers FIVE surface cleaning 
blows with each swing and lasts 
FIVE times longer than single 
headed hammers 


RNICAL HANDS 


mech 


MODERNIZE the _ fabrication of plates, 
shapes, rods, bars, pipes, etc. MAKE fitting, 
positioning, holding, and welding a fast, ac- 
curate, inexpensive, one-man job 


See your Local Dealer, or, Write For Bulletins, $S-3, MP-6 and PCB-6 
Miho. 6% 
BERNARD WELDING EQUIPMENT CO. 


10230 SOUTH AVE. N « CHICAGO 17, ILLINOIS 


TOA Vews of the Indi 


the appointment of Philip J. Neville as 
treasurer and director of that company 
He will succeed John G. Sutton, treas- 
urer since 1943, who has asked to be 


stitute and the Johns Hopkins Univer- 


) iblie account 


ant of Maryland, and was re 
sociated with the firm of Peat 
Mitchell & Co., certified pu 
countants, as resident manage 
Baltimore office Mr. Ne 
member of the American In 
Accountants and the Maryland 
tion of Certified Public Aecou 

At the same time, M: 
nounces the resignation « 
tensen as executive vice-} 
secretary of the Reid-Avery 
of May 31, 1955 

Mr. Christensen has 
teid-Avery Co. in various 
since 1929, and will remain 


ganization as a consultant 


New K-G Distributors 


The K-G Equipment Co 

town, Pa., manufacturers | 
welding and cutting equipment 

dustry and oxygen ther ipy equipme 
for the medical profession, announce the 
appointment of the following distribu 
tors for their industrial equipment 
Air Products of Texas, 1615 Chenevert 
St Houston, Tex Alabama Oxyger 
Co., 2028 Vanderbilt Rd., Birmingham 
Ala.: Billen Supply Co 1102 N. Colon 
Rd., Meriden, Conn.; Clements 

ing & Machine Co., 700 Hawk Ave., St 
Louis, Mo.: and D & R Welding Su; 
ply, 736 FE. Division St., Decatur 


Metal & Thermit to Erect New 
Building 


Metal & Thermit Cor 
nounced that it will erect i the 
office building at Woodbridge 
adjacent to the company's 
fesearch Laborator Phe 
occupies offices at LOO be. 42 
York City. The compar 
offices will remain in New ¥ 

teportedly, the dual 
Trom expansion of activities 
nel and is designed to provide 
cient office facilities and to all 
ture expansion of office need 

The new building at Woodb: 
which is expected to be ready 
eupaney by April 1956, will | 
operating departments of Meta 
hermit Corp. and its subsidia: 
affiliated companies in the Ne 
metropolitan area, including sale 
quarters for the northeastern region 

kxecutive offices in New York 
eontinue to pro\ ide quarters lor senior 
officers production executives, Givisior 
sules managers and the New York Dis 
trict sales staff, as well as certain ad 


sory personnel 


Tue We.pine Jo 





National Electric Promotes 
Anderson 


National Electric Welding Machines 
Co., of Bay City Mich 
builders of welding machines since 1933 


designers and 


have announced the 
tichard \ 
manager with offices in the Maccabees 
Bldg. in Detroit Associated with Mr 
Anderson a8 sales eng ll 


ineers Will bye 
Gerald S$ Ellsworth ind 


appointment ol 
Anderson as district sales 


| lton W 


Turnet 


Richard V. Anderson 


Mi Anderson has been iss i 
with National since 1945 and has been 
active in machinery sales in Michigan 
since 1937 He was graduated from 
Rensselaer Polytechnic Institute, and is 
a member of the American WELDING 
Sociery, the Engineering Society of De 
troit and the Institute of 
electrical Engineers 

Mir. Ellsworth, also a 
RPI, was formerly with Union Carl 


Ameri ih 
vradtuute 
ind Carbon ¢ orp ind has been act 
Michigan sales for the past five ye 

Mr Turner Wiis 
Lehigh University with a I 


graduated 


chanical Engineering. He w: 
wit! Ingersoll-Rand orp ina ite! 
istant sales manager for Hvdrau 
wer Division of the Hydraulic Pre 
ufaeturing Co. in Mt. Gilead, O| 


Puritan’s New Welding Supply 


Phe Puritan 
erecting a modern, up-to-the-n 


( ompres ed Cia Cort 


welding supply store at the soutl 
orner of 20th and Walnut St.. Kansa 

(itv. Mo 
Phiis new 
have a total of 7600 sq ft in 


ur-conditioned mu 


he incorporated sales offs 
play rooms, complete line of new 
ing supplies and equipment, and 
docks. The new addition to tl 
dustrial Division of the compan 
ing built for the purpose of making 
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a 


adh lrilenial is 
—e 


ac | 








possible for customers to 


pi k up all their 


requirements welding supplies and 


gases at one location 
This company was the first oxygen 
Kansas City It is 


“al men who pioneered 


manulactu r oin 
operated by lor 
the manufacturing and distribution of 
welding and cutting in the 
\Vlidwest The il officers are 
Parker B. Francis, president; Lowell R 


Johnson 


yener Ll man uel 


gases for 
princip 
executive ee president ind 
John B iy Lncis ice 
president and treasure! Parker B 
Francis ce-president and seere 
tary Lee Page is general manager of 
the Industrial vision which will 
cupy this new building 
Ist 
Other { 


ibourt septs mber 


of the Puritan Cor 


include a 


recites 
necdical 

producing plant in North Kansas City 
it 14th and 
trial oxygen plant at 13th 


Kansa City 


Surlington, and an indu 
and Eastern 
The general offices ire located it 


2008-14 Grand Ave 


New Sales Manager Appointed 
at Magnaflux 


It has been announced that Roy O 


Schiebel has been made sales manager of 
the Chicago nondestructive tes 
Magnaflux Corp. by the firm 
president, W | Thoma Mi 


! 
Schiebel bring LS vears of ile ind 


ting firm 
sexecutive 


management experience with Magnaflux 
Corp. to his new job as the firm top 
iles executive 
After two vears a 
the home office, 
Laos Angel 
After the Wars n 1945. Mir. Sehiehe 
returned to Chieag \idwest 


it fie ld enginee! 
Rov Schiebel was made 


branch manager in 1942 


district 


Roy O. Schiebel 


Veu ol 


H!I-AMP 


WELDING 
PRODUCTS 


OUTSTANDING 
By Comparison 





Every Manufacturer “makes the best’’- 
that’s his natural conclusion, but after all, 
it’s the Welder who uses the product that 
decides which really is the best. With 
HI-AMP Electrode Holders, as well as all 
other HI-AMP Welding Products, we urge 
you to check “every claim made” for su- 
periority, because if you do we are confi- 
dent you, too, will find HI-AMP Products 
are Outstanding by Comparison. 


Sold only through Welding Supply Distributors in 
the U. S. and Canada. 


WAGNER 
MFG. CO. 


50 W, let SOUTH ST. 
JACKSON, MISSOURI 


1952 Magnaflux Corp. 
isked him to move again—to New York 
is Mastern district and export manager 
Nir Schiebel 
new sales manager was announced 
Magnaflux ( orp 
the resignation of Lloyd J. Oye who has 
taken the position of National Director 
of Marketing with Rezolin, Ine 
Angels 

Vir. Schiebel is an active member ol 
the AmericaAN WewLpiIna Soctery and 


manager, and in 


return to Chicago as the 


simultaneously with 


, ol Los 


ranizations 
whaflux Corp. also announced that 
lcastern region manager would 
ibhert G. Strother who is moving 
Western manager in Los Angeles 
it A. Skeie will move to Los An- 
is Western region manager from 
ent job 
manager of the Central Region 
vill be Denis P. Walsh who 
istant to the vice-president 
Skeie is a member of the AMERICAN 


as Chicago manager 


Heen as 


D G SOCTETY 


Welding Research at B&W 


uring & press visitation held on May 
17th at ite Research Center in Alliance, 
Ohio, the Babeock and Wilcox Co. an- 
nounced that welding equipment for a 


TOS 





Aerial view of The Babcock & Wilcox 
Company's Research Center at Alliance, 


Ohio 


Hmerved-are Process 


up to five time 
velding methods 
yt now im the 
pment 


Wi 


eloped is 
search pro 
emphasi has re 


the 


vrai 


eentiy been cel on welding of 


titanium tu ten and zirconium i 


technique ¢ the fast-growing 


itomic energy im thee welding 


aT ithiitar metal ind 
ol the hiv! 
prime interest 


technique wis f 


on perlecting 
ba VW 


welding 


new Process 


peed 


elopinyg thi 
eit 


inh cle 
yimpro fabricating 
technique 

the I? RT method 


eable to 


Known a the new 


process j ibmerged are 


ippl 


Cross section of welded butt joint em- 


ploying I’RT submerged arc 
process developed by B & W 


per arc hour 


velding, in whi ! e electrocs 
fed through a 
to inert-ga ehied eldin 
rd submerged 
based 


ure \ (iihy pl 


have been 


deposit rate is direct 
the diameter of the eleetrod 
This theor hold true 


FOR QUALITY WELDMENTS 
use 


C€onmrPoRatTion 


QUALITY CONTROLLED 
STAINLESS STEEL 


WELDING WIRE 


> available in Spools, Coils 


and Lengths 


> for Automatic and Semi-Automatic 


gas and inert arc welding 


Welding wire by Drawalloy is made to an 


exacting high standard 


a high stand- 


ard established by long-experienced weld- 
ing men who know welding wire and how 


it 


se 
than 


Ww 
at 
gi 


must work. Set-ups for automatic and 
mi-automatic welding take more time 
regular welding. That’s why you 


ant to be sure of satisfaction before you 


This reliable wire is weld-tested to 
the best results every time. Write 


art 
ve 


today for complete information and prices 


conver 


LINCOLN HIGHWAY AT ALLOY STREET + 





Arion 


YORK 13, PENNSYLVANIA 


News of the Industry 


welding 

Joint 
is in a three inch thick SA-212 steel 
plate at a deposit rate of 180 pounds 


is 
ilial flux and 
y Stand 
tices 
principle that 
proportional to 


flux- 


counted electrodes, where curret! 
However, BAW 
desired weld patterns could 
rates that 


+ limited 
de sift \A 

i po I were 
portional to wire size for 


In one case, for examp 
obtained 


it 650 
in. electrode at SOO 


posit rate 


Wiis 


diam electrode 


lixperiments 
that the deposit rate 
sity 


bse 
den is directly prope 
of the 
shoe to the 


ength eleetrod 
eontact 


This 


i] submerged at ve 


disco ery i¢ 

Drocess preheats the elect 
ts melting point before it 
Thus the are 
the 


does 
sensible heat req 
metal to the melting poir 
in standard submerged 
Practically all the energy 
the electrode at the are 
fusion to melt the meta 
nergy required to | 
to the melting point is 
of the square of the 
of the ele 
from contact nozzle 
time (T) that the « 


through anv given cros 


resistance (R 
ecting 
the 


wire 
New 


itomur 


welding met _ 
field are also being 
ind the design of welding 
constantly undergoing 
Vetal-joining equipment 
cludes 


submerged-are auton 


chines, atomie hydrogen 
protected metallic ire is 
bon are and oxy 


ind welding units 


being used to 
soundness ol welds bor 
thich 4 250-kw X 


ind for 


spection is 


than 2in 
is used heavie 
radioactive isotope Cobal 

tests are performed by fluores 
trant, magnetic powder 
equipment \ wire 
being used to develop 


| 
electrodes 


New Hobart Representative 


Hobart Brothers Co | 


i recently ippointed R 
district re 


territorial de 


Roediger as 
elopmel! 


\Lississippi Arkansas 


‘ir. Roediger will | 
rative distributor 
Hobart arc-we 


ind electrodes 


ive 


sales Of 
supplies 
his headquarters 
complete Su1es 
available fo 

Mi 

ited in sales work for the cor 


ot, 


toediger | 


THe WeLpING Jor 





180° ver- 


xis. 
moving of 
ulated metal 
purposes and 
t. 
shafts by silver 
embly cooled in- 
gy water. 
eed, reversible air motor 
" Regulator controls variable 
Two separate air valves with lubrica- 
tors, regulators and filter assemblies. 
Two separate starting buttons permit 
independent operation of wheels, open 
and closed and motor drive, off and on. 
Special sequence control permits sepa- 
rate operation of each function, yet 
controls are interlocked to permit in- 


stantaneous drop-out of all circuits. 


@ Equipped with Easy Flex Cables. 


[feldenS ales (ompany 
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915 Oakland Avenue ¢ Pontiac, Michigan 








Davis Receives Award 


A. F. Davis vice-president and secre- 
tary of the Lincoln Electric Co., Cleve- 
land, Ohio, was among the first recipi- 
ents of a new award established by the 
Ohio State University to pay its highest 
tribute to its outstanding engineering 
tlumni. The first ‘Distinguished Alum 
nus” awards were made by the uni- 
ersity before 800 persons attending the 


Second Annual Engineering Conference 


for Iingineers and Architects held in 
Columbus on May 6th 

\Ir. Davis, selected by ote of the 
college faculty to receive the award, was 
eited for his “outstanding attainments 
is an industrial executive ales and 
ulvertising genius, civic leader and a 
yruduate engineer who fulfills his re 
ponsibility to education to the highest 
degree Mr. Davis received a degree 
of M.f. in ELE. in 1914 at the Ohio 
State University and joined the Lincoln 
Kleetrie Co. following his graduation 
He is now senior vice-president and, in 
vddlition ecretary of the James F 
Lineoln Are Welding Foundation 


Owens Exhibits Paintings 


According to a story published in a 
recent issue of the Beloit (Wis.) Daily 
News, James W. Owens, one of the 
pioneers of the welding field, has been 
very successful in experimenting with 
the use of rubber base paint as an art 
medium and has discovered in it an en 
joyable and limitless hobby. This in 
terest has resulted in four wall murals 
and a painting which has been exhibited 
in a Wiseonsin Power and Light Co 
window 

Mr. Owens is retired and lives at 703 
Milwaukee Rd., Beloit. While paint 
ing his apartment some twenty months 
wo, he first saw the possibilities of this 
product as an art medium He pro 
ceeded to paint a yacht racing scene in 
one of his rooms and this spurred him on 
to further efforts. Climax of his work to 
date has been the colorful painting 
“Peace or Annihilation.”” It is a dra 
matic presentation of the crucifix float 
ing over the Pacifie Ocean detonation of 
the atom bomb 

Mir. Owens is well known to the weld 
ing fraternity In 1928, the American 
Soctety of Mechanical engineers 
awarded him first prize of $10,000 in an 
international contest sponsored by the 
Lineoln Eleetrie Co 

In 1929, he was awarded the Miller 
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Memorial Medal by the American 
We.pine Sociery, which he helped to 
organize. Atone time heserved as AWS 
vice-president and in 1952 he was made 
an honorary member 

Mr. Owens also has been welding aid 
for the Navy, director of welding and 
research for the Newport News Ship- 
yard, and director of welding and techni- 
cal assistant to the general manager 
Beloit works of Fairbanks, Morse & Co 


Lytle Appointed Vice-President 


The appointment of Arthur R. Lytle 
as vice-president in charge of Research 
for Klectro Metallurgical Co., a Division 
of Union Carbide and Carbon Corp 
was announced by A. L. Foscue, presi- 
dent of Eleetro Metallurgical 





Arthur R. Lytle 


Mr. Lytle has been associated with 
the corporation since 1923 when he 
joined the Union Carbide and Carbon 
Research Laboratories at Niagara Falls, 
N. ¥ In 1946, he became head of the 
Welding Department there and was sub 
sequently appointed assistant manager 
of Research In 1952 he moved to the 
New York office to occupy the post of 
Director of Research for Electro Metal- 
lurgical 

For the last two vears of his connec 
tion with the Union Carbide laborato- 
ries, Mr. Lytle was responsible for all the 
metallurgical research activities there 
Before then, he carried out and directed 
extensive research on the welding of 
metals. He developed many new weld 
ing rod compositions, including the first 
nonfuming bronze. Mr. Lytle also 
pioneered in the field of automatic weld 
ing machines, and was responsible for 
many advances in the use of the oxy- 
acetylene flame for hardening, powder- 
eutting and pressure-we lding processes 


Pe rsorine l 


Mr. Lytle was born in Troy, N. ¥ 
and was graduated from Rensselaer 
Polytechnic Institute as a ¢ 
l’ingineer in 1923. He is a membx 


the AMERICAN WELDING Socitery, Amer 
icin Society for Metals ind Amer 
Institute of Mining and Metallurg 


engineers 


Cook Joins Esso Research 


Harry C. Cook, formerly associat 
with the Air Reduction Sales Ci ! 
recently joined the staff of | » Researct 
& Engineering Co. in New York Cit 

Mr. Cook’s new position is that 
istant to the Pipe Line Resea: 1) 
rector Their job is to coordinate the 
research work pertaining to pipe line 
which is being carried on at the 
subsidiaries and affiliates of St 
Oil Co. (New Jersey 

Mr. Cook is a member of the Am 
CAN WELDING Soctrery 


Oehler Named Manager 


Irving \ Ochler has heen 1 mead 
manager of manutacturing, in complete 


supervision of all manufacturing proc 
esses and related services, of the Amer 
can Welding and Manufacturing ( 
Warren, Ohio, William J. Sampson, J: 
president, announced recently 

Dr. Oehler has been administrative 
assistant to the presic nt He joined 
American Welding in 1942 as director o! 
research and metallurgy In 1952, he 
was appointed administrative a nt 
to the executive vice-president 
January 1955 he was named 
trative assistant to the president 

Before joining American We 
Dr. Oehler was assistant chief me 


gist at Republic Steel Corp. s Bulla 
district He received his electr 
engineering degree from Ke ela 
Polytechnic Institute in 1932 

ter electrical engineering degree from the 


same institute in 1935 and his doctorate 
degree while studying on a RPI fe 
ship 

Nationally known for his work 
welding, Dr. Oehler was recent t] 
pointed a member of the Titanium We 
ing Panel of the Metallurgical Ad 
Committee on Titanium for the Ord 
nance Department. He is on the Resist 
ance Welding Committee of the Weld 
ing Research Council He is also a 


member of the Resistance Welding 


Ture Weipine J 
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Welding Press Control 
iustrating simple removal 
of plug-!" electronic timer 


Plug-(n TIMERS 
are designed to stand up under hard indus- 
trial usage- Both timers and sequencing re- 
lays can be installed in 4 matter of seconds. 
Down time 1s reduced to absolute minimum 
during replacement. Timing circuits are ail- 
safe—if any tube fails to fire, circuit will be 
opened and welding process stopped instantly 





a Sr 






Plug-in relays ‘ 
being removed from 
welding press controller 

Faster electrical 
maintenance 
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| Plug-la RELAYS @ 


special rugged indus- 


are of 
construction ‘ 


trialdesign and 
Flexibility provided by plug- 


in feature (on both sequencing re 
permits easy circuit changes W 
ller redesign. 









lays and timers), %..; 
ithout complete 
contro 


Write tor Bulletin 8991 
2, Wisconsin 


y, 4041 N. Richards Stree 


Square D Compan t, Milwaukee 1 
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WELDERS’ 
GROUND 
CLAMPS 


EXTRA STRONG 

FAST ACTION 
POSITIVE CONTACT 
HOLDS ANY SURFACE 
SPATIER PROOFED 


QLW SERIES 


Grand quick setting Ground Clamps of NACO 
Ne. 6 Super Steel ore first choice with weid- 
ers. Available in 3 popular sizes. 
2-QLW 200 Amps 1%" Max. Opening 
4-QLW 400 Amps 34%,” Max. Opening 
6-QLW 600 Amps 5',” Max, Opening 


Famous G*“"D "€” Clamps 


Alloy Steel (Stronger than forged) Spatter-Proofed 

Screws, Deep Throat ~ Replaceable Swivels 

MIGHT SERVICE MEDIUM SERVICE HEAVY SERVICE 
saniues Sanies senves 


4 is 
pa edu bd 


ASM SERIES ASH SERIES 
7 izes 8 SIZES 
4°10 18° %'TO 12%" 
Stocked and Distributed by 
UNITED STATES STEEL SUPPLY CO. 


GPAND SPECIALTIES CO. 


Manulacturers Since 1921 
3101 WEST GRAND AVE., CHICAGO 22, ILL. 


t SERIES 


® SIZES 
2°10 12° 


Committee of the American WripInGa 
SOCTR TY 

Dr. Oehler is a member of the Ameri 
can Society for Metals, Society of Auto 
motive lingineers, American Society for 
Testing Materials Associa- 
tion for the Advancement of Science 
National Society of Professional kn 
gineers, American Ordnance Associa 
tion, Sigma XL, and past chairman of 
the Mahoning Valley Section of the 
WELDING Soctrery He is 


Ameri aun 


AMERICAN 
ilso A past chauman of the Warren 


( hapter American Society for Metals 


Kinelski Joins Inco 


Kinelski has joined the 
Development and Research Division of 
the International Nickel Co., Ine., as a 


research metallurgist in the Welding 


| gene i 


Section of the Research Laboratory at 
Bayonne, N. J 
nouncement by Dr. W 


wccording to an an 
A. Wesley, man- 
ager of the laboratory The Welding 
Section is engaged in study of the weld 
ing of all types of alloys and in the de 
velopment of new welding rods and 
coated electrodes 

Mr. Kinelski graduated from Purdue 
University in 1042 with the degree of 
Bachelor of \Metallurgical 
Engineering and afterward took up 
graduate study in metallurgy at Purdue 
wnd~=stthe Pittsburgh 
Thereafter he Wit associated with 
several organization 
ternational Nickel 


Scenes ith 


University ol 


before joining In 


Cotton Named to West Coast 
Post 
The Burdett Ox gen Co 


side Ave 


nounced the appointment of Charles 


3300 Lake- 
Cleveland, Ohio, has an- 
Cotton as assistant sales manager of the 
West Coast plant. Before joining Bur- 
dett in 1947, Mr. Cotton amassed five 
years of welding experience and three 
years of sales experience in selling oxy- 
He is 33 


years old, married and has two children 


gen, acetylene and equipment 


Pomfret Promoted 
R \ Pomfret he 


chief of development and 
Central Technical Department of the 


Jethlehem 


Deen promot d to 


resenu;re hy 


Shipbuilding Division of 
Steel Co. according to an announcement 
tichard H. Tingey, technical 
Paul Field who 
was recently transferred to Bethlehem 
iser on the staff of 
the operating vice-president 
jorn in Waltham, Ma Vir. Pom 
fret graduated from the Reading (Mass 
High School and later attended Univer- 
sity of Alabama where he graduated in 


made by 
manager He succeeds 


Pa., as technical ad 


R. A. Pomfret 


1934 with a degree of B.S. in Metallurg 
He joined the Beth 
Assistant 


cal Engineering 
hem organization in 1935 a 
Material Engineer and later 
Materials Engineer, whicl 
held prior to taking o er hi 

He is a member of the AMER! 
ING Soctery, American So¢ 
ind Ameri in Socety tor 
terials 
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Morse Honored by Burdette \-674. Mature salesman open for 


=a jing Oh Aili, ae position —high-ealibre, practical man with 
Gene” Morse, vice-president ir 


proved sales record in welding equipment 


sales at the Burdette Oxvger velding machines and alloys, with a good 
sles at the Burdette Oxygen YENI Ted | . 


leveland io. was honored following in Chicago area, Any inquiries 


" wssociites with a surprise testimonia 15) eel, 1] bye promptly unswered 


linner at the Lakeshore Hotel to cor A709 Welding engineer 26 years ol 


Will obtain M.S. in August 1955 
xperence inh we lding development 


Services Available including studies of high temperature al 


steels, titanium and inten 


tt) Snles gine e 2 \ 
\~66t Iengit \g S | ivations on the weldability of 


rin ears pract 


‘ Seeks position as welding 
ling and f rsa ing 1 i t Available September All 
ere ith SH 1OSs and ery t edged 
ing equipment 
lene mal ! velding, inert are 
ind inert are spot welding equipment & 
Capable of recommending proper | 
dures i | techniques with tbove 
ment Desire similar position ins 


Will teloente. Prefer maki. Positions Vacant 


Metallurgist $8360 — per 
ote in ipervisor lidates should have broad 
en years’ experience it welding metallurgy and 


lInborator test rocedt “ 
| iit ) velding Full knowledge procedure 
a anal ihettenteale . elding logineer SO010 per annum 
! » hy Ot! “ar W ol ructt semblies c, d-e single 
orate fis 30th vea \ embive i | I Murgical background in the 
Also honored at the dinner w t aen merged-are welding ol welding procedures 
r 


\ s of | ole 
Rose Gallagher who is celebra 1 f eleetrod 


cing, low-hvdrogen ow yp nt hould forward Applieation 
ind stainless steel or Federal kxmployment, Standard Form 
supervision, engineering wh is obtainable in Post Offices or 

ay truction ind testing I ‘ il government installation, directly to 

i sterling silver cigarette box by |! pre d joint designs and welding | " dustrial Relations Officer, [ Ss 

ssocintes \Irs. Gallagher was g ! edure or production Ave 38 t A ecring Lexperiment Station, 
ely wrist watch by the company esate Résumé upon requ ) Mal 


her 32nd vear with the companys \l 
\lorse was given a complete set ol g 


ibs and a golf bag by the COM pans 





OPPORTUNITY 


Leading manufacturer of resistance welding machines 
and automatic equipment has opening for qualified men. 





ASSISTANT GENERAL MANAGER 
to supervise production. Must have thorough knowledge 
of resistance welding manufacturing. 
MACHINE DESIGNERS 


Can make rapid advancement. Send resume. Replies 
held in strictest confidence. Box V-323 














Designed to carry the high currents necessary for intense heat, 
BBB Keen-Arc Carbons produce a fine-grained weld of high ’ 
. 


tensile strength. They give a smooth, steady ‘flowing flame 


which does not wander and which is concentrated at the desired 


focal point. lome temperature is eosily and accurately adhnted INSPECTION and TESTING of 


by merely changing the ampere input, and heavy copper coating 
y y ng Pp f ‘ o] 


permits gripping at extreme ends eliminates frequent and peri Welding and Weldments 
odic resetting 
A COMPLETE LINE OF CARBON WELDING SUPPLIES including carbon QUALIFICATION of 
and graphite electrodes, carbon rods and plates, welding paste, etc. 

oe the Procedures and Operators 


BECKER BROTHERS CARBON CO. Main Laboratories... . . . Hoboken, N. J. 


3450 South 52nd Ave Cicero 50, Iilinois Boston Philadeiphia New York Los Angeles Dallas 
Providence Wilmington Chicago Memphis Denver 











711 





lron-Powder Electrodes 


| pecially designed for higl speed 
production welding of lap, fillet’ and 
flat-heveled joint the new 


iccording to 


Sureweld 
iron-powder = electrode 
National ¢ innder Cras Co cost jess to 
ise and provide up to ) faster weld 
ing than b-H012 and b-020 electrodes 
of the next larger ze used at higher eur 


rent 


’ of the new iron powder 
electro tilalole 
(AWS type b-024) is for horizontal 
fillets, lap and flat-beveled joints now 
welded with b-012 electrodes. Sure 
weld ‘27 AWS type [:-027) is for 
welded with k-6020 
work equally 


Sureweld ‘24 


operation row 
electrodes both types 
well with a-c or d-e eurrent 

For complete information write to 
National Cylinder Gas Co., S40 N 


Michigan Ave., Chieago 11, Hl 


Portable Welders 


A new port ible electric welder for 
light yuge Hi Amp \odel 
1403" has been placed on the merket by 
the Sittler Corp. of Chieago 

Principal feature of the Model 5403 is 
its built-in 
ing Control and Solenoid Contactor.’ 


metals 


hleetronie Thyrotron Tim 


According to the manufacturer, the use 
of this precision-type timer provides 
welding accuracy from one-tenth of a 
second to a full seeond, effectively pre 
venting any danger of burning through 
the work 

An unusually wide throat depth of 6 
in. on the Model 5408 can be extended 
to 18 in. by the use of readily available 
extension arm accessories l he welder’s 
opening is easily adjusted from 3 to LI! 
in Both transformer and welding arms 
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NEW PRODUCTS 


Sittier H-Amp Portable Welder 
Model 5403 


re watercooled Welder output is 34 
inp for secondary open circuit voltage 
nd over 20,000 amp for short circuit 
While the welder weighs only 55 Ib and 
can be moved about by hand, its carry 
ing handle can be used with a sky hook; 
i floor stand is a tiluble for foot 
operition 

Litereture and other information on 
the “Hi-Amp 
tained by writing direct to the Sittler 


IS North Ada St 


welder line may be ob 
Corp ( hicago 7 
II! 


Regulators 


Weldit, Inec., introduces their new 

Duo-Trol,”’ the ne Weldit Series 50 
Duo-Control Regulator for Oxvgen and 
all Fuel Ga control 


Designed » meet the exacting re 
quirements ol vlern industry, the 
Duo-Trol is precision built to take rough 
handling while giving the utmost in ac 


curate regulation, according to the 
Compact in size, with 
it Is adapted 
yv-dutyv work 


Information 


manulacturer 
forged body and bonnet 
for both light 

For further contact 
Weldit, Inc., 990 Oakman Blvd., De- 
troit, Mich 


ind hea 


\ eu Produ {s 


Vickers D-C Welder 


The Controlare, a new mag 
plifier-rectifier d-c welder whicl 
to provide full time automati 
trol under all conditions 
produced by Vickers Eleetri: 
Vickers, Inec., St. Louis, a 


Sperry Corp 


According to the manu 
trolare is available in 200 
100-amp model ind autom 
continuously adjusts the 
characteristics to every chang 
ing condition, from are strike 
pass, assuring easy, clean 
hot starts and immediate 
uniform fusion and steady 
deposit; prevention of are 
and current drop-off during 

Complete information on 
Controlire magnetic amplif 
d-e Welder is 
facturer, Vickers Kleetric 
Locust St., St. Louis 3, Me 


Vailable fron 


Resistance Welder 
For Wire Mesh 


\ huge new mec! 
high-speed resistance 
that produces wire mesh up to 13 
from coiled steel wire in a contin 
operation has been developed and | 
by Expert Welding Machine D 
17144 Mt. Elliott Ave Det 
Mich. 

The compactly designed mac! 
thout 7 ft 


its accessores are 
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occupy & floor space about 35 by 32 ft 


It will fabricate mesh from 4- to 14-gage 

wire at a rate of 60 cross wire Der 

minute. Extreme operating flexibility 
s provided in the machine, whicl 

indle up to 79 longitudinal wire 
re spacing from 2-in. up. C1 

res can be spaced from 2 to 12 e-<| 7 ‘| 360-deg boon istrated is the complete unit includ- 

The machine will produce wire mesh iu rotation and an adjustable ba ' ing simplified controls, wire feed and 

either s juare or rectangular patter? dition inv standard head ean | rent p ip assembly, flux hopper 

lesired utilized with this fixture for aut ‘ vire reel li a different arrange- 

velding flame ecutting or hardening en | d, any one or more ol the 

operation mMpor can easily be removed from 

Pencil Torch Complete details may be obtained by pial to set up the job at hand, 

vriting on company letterhead to Lew capacity for automatic welding 

\ new Heliare Pencil HW-9 torch 3 Welding & Engineering Corp. at re xe8 0.035 to 4/4 in. inelusive 

ivailable for inert-gas-shielded ar ihove addr ‘ O re feed rolls, size specified 

velding of light metals The Peneil I is standard equipment 

HW-9, with its 180-deg he ul is de gned Automatic Welding Head ty of the flux hopper is 25 lb and 

or working in tight places that are hard justable wire reel will handle coils 

each with torches of standard head hart Brothers Co., Troy, Ohio it » 2'/,to4 in. wide. The 

rie This new Heliare torch has been uuncing a new automatic welding ated at the most desirable 

eloped and introduced by Linde Air dd ned especially for use with the point fo bat hand 
ducts Co., a Division of Union Car new yb onstant Voltage ‘Pow or further information, write Hobart 


ind Carbon Corp., 30 k. 42nd St matic ley rey rov. Ohio 





eh ae 
4 


AT THE FRONTIERS OF PROGRESS YOU'LL FIND 


FOR WELDING AND 
Sew York 17,8. ¥. Ainomint and | CUTTING... 


t! 110 imp continuous-duty 
mucity the Peneil HW -j v1 
nild steel and hard-to-weld meta 


eae | OD RUN VA T10 NAL 


light and small for easy handling 
manipulation Without cable. the 7-in 


torch weighs only 3 oz and has a maxi 
mum diameter of */,in. Yet, in spite of T 
ts compact size ind high current capac HIGHES 


For complete information, contact 


Linde Air Products Co. at above ad 


(ress 


DUST-FREE 


Lewis Welding & Engineering Write for the name and address 
of the NATIONAL CARBIDE supplier nearest you 


Automatic Welding Fixture 


(orp 7s Interstate St fedford. Ohio 


innounces the development and avai National Carbide Company 


ibility of a new universal fixture de 
pe Pha tar cylar spemertrwnse plier GENERAL OFFICES: 60 EAST 42ND STREET, NEW YORK 17, N. Y 
signe mt ‘lif i Vy f >¥y eLy © Weill 


ments Exclusive features of this unit A DIVISION OF AIR REDUCTION COMPANY, INCORPORATED 


lude full portability simultaneo 
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Bright Brazing 
4 new 


mosphere generator 


treamlined endothermic at 


completely wired 
piped and assembled ina package unit | 
now offered by Lindberg Engineering 
('o., 2450 W. Hubbard St 


I. The Hyen Hydryzing generator is 


Chicago 12 


i fully automatic process for producing 


low-cost protective atmosphere lor 
bright 
steel 


from deearburization or 


bright hardening annealing, of 


bright braging of 
carburization 
Available in 500, 750, and 1500 cth sizes 
the unit provides production economies 
and gives better, more precise operation 
with ease of maintenance 

bor additional 


lireetly to the companys 


information write 


Welding Positioner 


P&H WP-1 Welding Posi- 
recently developed by the Weld- 
ing Division of the Harnischfeger Corp 


The new 
tioner 


now available 


The WP-1 is 


boernne h 


designed for use as a 
faster production of 
With its 24-in 
table in a horizontal position, it stands 
i's in. high It weighs only 100 Ib 
and handles weldments up to 500 tb. A 


pedestal for floor mounting is also avail 


model for 


matler fabrieations 


able as optional equipment 
Rotation of the WP-1's turntable can 


totally free 


be done manually or with electric-motor 
Also, the table tilts a full 135 
vithout the 
weldment striking the positioner 
Further information 
WP-1 Welding 
from the Welding Division 
Milwaukee 46, Wis., o1 


from any of its district offices 


drive 
deg from the horizontal! 
thout the new 
Positioner: ms AYN 
lege! Corp 
or welding 


distributors 


Surface Resistance Indicator 


Sunshine Scientific Instrument, SLO 
Ave PI il idelp! iit i Pa an 


trument used to 


(rant 
HoUunces 


test lor the effectiveness of 


a portable in 
iny cleaning 
process used to prepare metal tor respst- 


ince welding It provicl in accurate 


means for measuring the resistance be 


tween two pieces of metal in a matter of 


seconds By knowing this resistance 


before welding, such common difficulties 
electrode pickup, inconsistency of 


j 


welds and metal expulsion can be greatly 


reduced Designed for use with any 


resistance welding application, it os 


particularly tluable with aluminum 
welding 

The manufacturer has prepared a 
Catalog No. 12 describing this unit in 
detail tilable 


quest to the companys it the above nd- 


Catalog is a upon re- 


clress 


Isoscope 


A new inspection tool which makes use 


of radioactive Cobalt 60 and is capable 
of radiographing or eeing through 
thickness of steel up to 7 in., I 
Baheoe h A 


Olhjo 


s been 
Wileox 


work S. me 


developed by the 
Co. at their Barberton 
cording to an announcement made re 
cently The 


the Lsoscope Ler 


unit has been christened 
tion of the words 
Isotope a radionetive material, and 
scope for the power to see through 


under study and ce 


Isoscope’”’ which has been 


elopment by B&W 


for the past three vear requires only 


metals 


one-third the exposure time of a million 
volt X-ray unit, the 


and paves the way for 


tnnouncement said 


wider use ofl 


Veu 


Products 


allable 


Harnise h- 


itomuc energy intl 
tion 
The lead sphere of the 
encased in a steel jacket |! 
drieal rotor section bu 
olving the rotor ISO d 
ictive 
sale position to a point 
coned opening in the stee! 
ing a beam of radiation to es 
in effect 


turned “on” and “ofl 


results in a unit 


inouncement Im the 


photograph the unit 


radiograph the thick ste 


typical pressure vesse 
For further 

Babcock & Wil 

New York N \ 


Electrode Packaging 


A. O. Smith Corp., Mi 
now ships a enrlond ol 
electrodes to 


2OO0-1h 


welding 
just twenty 
duction-Paks 
Corp ist 
hundred 50 


eral benefits 


made by 
tamer 
erly eight 


used se 


\ () Smith customers 
packaging including: ease 
unloading ease olf storekee! 
inventory control, ense 


| 
tried hho 


of distnbution 
electrode brands 
These new A. ©. Smi 


Paks” have a 
overlap top 


center 
They ire 
steel str ips VW ith met 


sides 
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2. Like new with Ni-Rod 
tion. Then the seat is re-machined 
te sted 


And finally it’s pressure 
At this point, the men charged with maintenance of this 
bus fleet consider the head as good as new The y 


huge valve 


3. Chalk one up for Ni-Rod “55”, too — A crack that’s dan 
gerously close to the cylinder liner gets marked for repair with 
Ni-Rod “55”. For stiff sections 
like this engine block, and for heavier sections, high phosphor 
Ductile Lron, Ni-Resist® and high-strength cast 
Ni-Rod “55. Like Ni-Rod 


use it without preheat or postheat. 


Ni-Rod’s companion electrode 


ous irons, 


irons, welders choose you can often 


Jury 1955 


Valve seat weld gets « lose inspee- 


on 75 to 100 busses every vei gives U 


Uses Ni-Rod 


for machinability... 


Ni-Rod “55” 
for heavy sections 


Cast iron “welding team” simplifies 
maintenance, cuts costs for 


Buffalo bus company. 


1. Good build-up Worn valve 
the 720 busses operated by Niagara Frontier Transit System of 
Buffalo, N. Y., gets built up with Ni-Rod electrodes. Before 


being welded, the oil-impregnated casting was degassed in an 


eat on an engine from one of 


oven for a half hour at 900°F. Then it was cooled, wire-brushed 


and preheated to 400° 


give a lot of the credit to the soundness and machinability of 
Ni-Rod welds. Mr. W. W. Kunz, who heads the maintenance 
department says, “Using Ni-Rod and Ni-Rod “55” for repairs 
a very substantial saving.” 


If you work with cast iron, you can use this “welding 


team” profitably in your operation, too, 

With Ni-Rod® and Ni-Rod “55°® you can, like this 
bus company, save worn or damaged cast iron parts that 
otherwise you'd serap; and you can also simplify cast 
iron assembly work. 

Ni-Rod and Ni-Rod “55” 


And even welders of limited experience can produce 


electrodes are easy to handle. 


sound, machinable welds. 
Write today and ask for our FREE FOLDERS ON 
NILROD AND NI-ROD “55”. 


The INTERNATIONAL NICKEL COMPANY, Inc. 
67 Wall Street New York 5, N. Y. 


VN 
Welding Products 
AINCO, g 


Electrodes « Wires « Fluxes 


TRACE mate 





Easyarc Electrode 


The new Kasyare LH 7-16 electrode 
by Air Reduction, 
is said to deposit over 60% more metal 


recently announced 


than conventional low-hydrogen elec- 


trodes, by actual test 

According to the manufacturer, the 
three factors making this welding speed 
en 


possible are: (1) concentrated are 


ergy, (2) powdered iron coating melts 
and becomes part of the weld and (3) 
extra-heavy coating helps control are 
action and allows higher currents to be 
used with complete safety 

For more information about the LH 
7-16 Aireo's complete electrode 
line Pocket Guide to Elec 
to Air Reduetion 
a Division of Air Reduction 
60 I. 42nd St., New York 17 


and 
send for 


trodes” by writing 
Sales Co 


C'o., Ine 
N.Y 


New Aluminum Alloy 


Research is lifting the thermal bar- 
rier that has threatened the use of alu- 
minum in the 
future, it has been announced by Alu- 


supersonic aircraft of 
minum Company of America 

In lifting the veil on its new patented 
high-temperature aluminum — alloy 
called X2219, Alcoa stated that other 
pending alloy developments will com- 
bine with the current one to effectively 
raise existing temperature limits on alu- 
minum 

Use of 
craft was jeopardized by elevated tem- 


aluminum in supersonic air- 


peratures of high-speed flight Friction 
with air at speeds over 1000 mph gener- 
ated intense heat in the skin of an air- 
This heat 
generated by the engine, threatened to 


plane combined with that 


raise the temperature in some parts be- 


Positioning Equipment. 


Steady, Positive, Precision ie 
Rotation for AUTOMATIC | / 
WELDING with/ronson | 


@ODEL 21 (shown) SUPER GEAR DRIVEN 
POSITIONER with powered rotation 
tilt and elevation 

MODEL 1.21 Powered rotation, ball bearing 
manual tilt and elevation 

MODEL 21. P Powered rotation and tilt, ball 
bearing manual elevation 

MOOT 21 E Powered rotation and elevation, 
ball bearing manual tilt 

MODEL 1 21. PL Powered rotation, 
tilt and elevation 
5000 Ibs. capacity @ 6" CG location 


GMIVERSAL Balanced POSITIONING 


Model C 500 shown 
25 Ibs. to 2,000 Ibs. capacity 


HEAVY DUTY GEAR DRIVEN POSITIONING 


Model HD 25 shown 
500 ibs. to 24,000 Ibs. capacity 


WEAD and TAIL STOCK 


POSITIONING 


Model HTS 5 shown 
Capacities 5,000 Ibs. 
to 160,000 Ibs 


~~ 


Aronson TRACTRED Turning Rolls 


Steady, positive, precision rotation for automatic weld 


" 


MODEL TI (shown 
MODEL 12 capacity 12.000 Ibs per unit MODEL 


capacity 6,000 Ibs. per unit. 


3 capac 


ity 18,000 Ibs. per unit 


eee. 


HEAVY DUTY PRECISION BUILT RUBBER TIRED TURNING ROLLS 
5,000 Ibs. to 150 tons capacity 


POMSOFT MACHINE COMPANY 


ne 


ARCADE, NEW YORK 


yond the efficient performance leve 
existing aluminum alloys 

Alcoa alloy X2219 is reported to offer 
excellent at 500 to 600° | 
and is now available in experimental 


properties 


quantities 
write to 
1501 


For additional information 
Aluminum Company of America 
Alcoa Bldg., Pittsburgh 19, Pa 


Mobile Unit 


Moving a self-sufficient weldi unit 


ny 
from one job to another may be ac 
complished with the speed of a 
truck with the 
welder made by A. J Wash 
ington, Pa. The unit consists of a Lin 
coln 200- or 300-amp generator with a 
large built-in exciter generator mounted 


DICK 
} 


up 
mobile 


jeep powered 
P irsons 


on a Willys 4-wheel drive jeep or truck 


One or three kilowatts at 115 
plied by the exciter generator to furnis! 
lights on the job on run shop tools at the 


same time welding is being done 


Power for the welder and generator is 
supplied by the truck engine by means 
of a belted power take-off system 

Aside from the 
brackets for acetylene and 
tanks, plus boxes for storage of too 
built into the unit 


power! equ 


equipment, are 


Welding and Cutting Outfit 
Wabash Ave 


a new 


Doeckson Corp., 3830 
Detroit 8, Mich 


high-quality outfit 


, announces low- 


cost lor welding, 


cutting, heating and brazing 
> 


e 


ideal for small 
plants hobby work home shops farms 


sheet 


Described being 


ais 


metal plants, 


this 


service stations 


plumbers and heating contractors 
outfit will weld up to */\ in 
and cut to '/s in. thickness 
Complete information and your 
distributor's name are a from 
Dockson Corp. at the above address 


thickness 
local 


ailable 


‘THe W LLDING Jor } 





FULL-TIME, AUTOMATIC ARC CONTROL 
. _ with the | 7 


ICKERS. 
Controlare 


MAGNETIC AMPLIFIER-RECTIFIER 


DC Welder 


Easy, clean arc strikes 

Hot starts, immediate penetration 
No arc ‘‘pop outs” 

No current drop-off during pass 


Uniform fusion, steady rate of metal deposit 


ampere models 


Patented Vickers Magnetic Voltage and Current individ- Full Range Vottage 


Amplitier ... ually Controtied... Control... 


CONTROLARC automatic control is made Separate, complete control of both voltage separate from current control, permits 
rrent makes it possible to set uy hoosing the exact arc characteristic for 
every job and welding condition. Voltage 


control is full range and stepless, with no 
t limited “average” settings or blind spots 
The weldor can select the arc character 
istic for a basic welding position and pin 
point the setting for particular conditions 


possible by the patented Vickers Self-Satu and 
rating Magnetic Amplifier with exclusive any volt-ampere combination within 
output range of the particular Controlar 


the 


voltage-sensing, feed-back control circuits 


Constantly analyzing welding voltage and model being used from minimum vol 


automatically adjusting welding current to age at minimum current to maximum volt 


arc changes. Vickers Magnetic Amplifier age at maximum current. Only Vickers 


maintains ideal arc characteristics, throug! Controlarc offers complete remote contro 


the entire welding range, under all welding of voltage and current through the entire 


conditions. welding range. 








Downdratt Cooling Seaied-in Lubrication of Fan Motor 
No ‘‘vacuum cleaner’ floor dust pickup Bearings 


Rectifiers Duct-Cooled Transtormer 
Conservatively rated for long life. Special finish protects Air ducts in windings for high-efficiency cooling 


from corrosive atmospheres 
Concentrated Weight 
Rust Protected Low center of gravity 


interior surfaces zinc chromated 
Skid Mounted 
WRITE TODAY FOR NEW BULLETIN Portable mounting available 


TERRITORIES OPEN FOR QUALIFIED DEALERS. WRITE FOR DETAILS. 


VICKERS ELECTRIC Division 


TTT Y Inc A unit of Sperry Rand Corporation 
1853 LOCUST STREET * SAINT LOUIS 3, MISSOURI 





NEV LITERATURE 


New AWS-ASTIM Specifications Advance 
Standardization of Arc-Welding Electrodes 


Two new specifications on are-welding 
electrodes have just been issued by the 
AMERICAN WerLping Sociwry and the 
American Society for Testing Materials 

The first of these, 
Welding Electrodes 


now Tikes 


Tungsten Are- 
AWS A5.12-55T) 
possible standardization of 
nonconsumable type electrodes used for 
welding and for 
It classifies 
the electrodes into four basic chemical 


inert-gas metal-are 


atomic hydrogen welding 


analyses, thus enabling the user to select 
his tungsten electrodes by composition 
according to his re juirements The 
specification also sets up standard sizes 
lengths and tolerances of electrodes 
In addition, requirements on finish 
traizhtnes quality, marking and pack 
wing are included 

The second specify ition it revised 
edition of the Specifications for Cor 
roston-lesiating Chromium and Chro 
mium-Nickel Steel Covered Welding 
Klectrodesn (AWS AS } 5ST ) includes 


elt new chisse ol electrodes The 


additions cover the recently developed 
electrodes which have widened the range 
of stainless steels, clad steels and dis- 
similar metals that can now be success 
fully welded. The new classes covered 
extra low-carbon 
ind E3l6ELA two colum- 
h309Cb and b310Cb 
two molybdenum grades (k309Mo and 
h310Mo) 312 and b3is 
These added to the previously estab- 
lished classes bring the total standard 
| Details are 


electrode classes to 1S 
given on test methods, weld metal com- 


are two 
E30SE LA 


bium grades 


Zl es 


ind grades 


position requirements, standard sizes 
and lengths packaging ind color mark- 
ings for identification An appendix is 
provided to aid prospective users in 
selecting the electrode class best suited 
fora particular application 

Copies of these new specifications in 
pamphlet form are available from the 
AMERICAN WELDING Society, 33° W 
Soth St New York IS. N. Y¥ at 40 


cents each 





Chrome-Moly Electrodes 


The Champion Rivet Co. announces 
the availability of report CM-55 
Chrome Moly llectrodes AWs 
ASTM Specification SA-316 and SA 
208 A copy of this report may be 
obtained by writing to the company at 
Ii. LOSth and Harvard Ave., Cleveland 
Ohio 


1954 ASTM Proceedings 


The 1954 edition of the ASTM Pro- 
ceedings has been published recently 
The 1400 page volume records the tech- 
nical ae complishments of the American 
Testing Materials for the 
It includes many technical 


Society for 
year 1054 
reports and papers together with dis 
cussion Which has been offered to the 
Society during the year and accepted for 
publication in the Proceedings 

IST M 
may be purchased from the American 
Society for Testing Materials, 1916 Race 
St., Philadelphia 3, Pa rhe price is 
$12 per copy 


Copies of the Proceedings 


718 


WRC Bulletin No. 22 
Welded Tee Connections 


The Welding Research Council has 
just iss iad Bulletin No. 22, Welded Tee 
Connections, giving strain measurements 
and hydrostatic test 


various methods of providing reinforce 


to destruction of 


ment of welded tee connections in large 
diameter gas transmission pipe The 
bulletin consists of 24 pages Price 
$1.00) per copy Limited edition 
Coy ies may be ordered through the 
AmeRICAN WELDING Soctery, 33 W 
39th St., New York 18, N.Y 


Welding Materials 
Specifications 


A comprehensive compilation — of 


materials specifications for the welding 
industry is now available from Shield- 
alloy Corp., 00 Park Ave., New York 
6, N. ¥ The two-color 
book gives chemical and screen anal- 
allovs 


37-page 


vyses for powder metais ind 
processed minerals and ores, and chem 


ical analyses of metals and alloys 


Veu Lite rature 


Primarily prepared for the v 
manufacturing industry 
rials also have a wide rang 
tion in the steel alloying, for 
ceramics industries. Book 
Shieldalloy Materials for 
Rod Industry 


Hydrogen Contamination in 
Titanium and Alloys 


The first results of an inter 
search program by the Air Force 
the effects of hydrogen contaminatio 
titanium and titanium alloys ha 
been made available to industry 
Office of Technical Services, | 
partment of Commerce, in a repe 
pared by the Wright Air Devel 
Center 

The research program 
because lack of information or 
ol hydrogen eontamination ! 
ened to hinder Air Foree ipp 
titanium alloys. This report « 
papers and discussions press 
technical meeting at WAI 
1954 

Hydrogen Contaminatior 
nium and Titanium Alloy 

Hydrogen I:mbrittlement 
Beta Titanium Alloys \ 
Center 


January 
ISS pages Order PB 111620 
OTS, U. 8S. Department of Cor 
Washington 25, D. ¢ pric 
Report of WADC technica 


Oct. 29, 1954, including p 


Development 


cussions and = illustration 
shows that hvdrogen contami 
alpha beta alloys can cause lov 
in slow strain rate, room tem 
tensile tests and premature 
fracture in room temperature 
tests The combination of st: 
centrations and hydrogen cor 
tion can lead to a drastic decreas 
load carrying capacity of these a 
Another result of hydrogen contar 
tion is increased susceptibility t 
brittlement as a result of expos 
stress and elevated temperatur 
present, a maximum hydroget 

of 125 ppm is suggested 

for aireraft quality alp! 

forging Data 

which show that in the 


possible to produce illovs 


alloys 


much higher tolerances { 


THe Wer! 





Airco Publications 


The Air Reduction Sales Co. has jus ari ; 
announced the availability ol i new pan jiris series 
Publication List 


- 
Over 100 welding and cutting techn manipulator 


cal reprints, textbooks, safety booklets 
slide films and movies are briefly de 
seribed in this l§-page hook let Cor 
venient order cards, keyed 
selection, are included 
items ot interest 
Request a « py by writing 
ss CoO t Division of 
Ine f2nd 


Welding Manual 


i 


{ Veu Welding Sistem is the tith 


new 32-page technical manual offered by 


Metal & Thermit Corp., New Yo 


. ee $ POSITIONETS rower ws, 


prehensive practical guide to 
‘rol | ] “ 
Murex “Croloy” chrome-moly electrod weldments 135 and 


for the welding of piping and equipment ; 
Aesiitinn aay rotate them 360 for 


subject to higl temperature, high 
relel dalalelate Mm a-aie liars} 


stuire service 


An introductory section explains tl =i ... every feature that ca: 


a ages ol ¥ Croloyv sv | 

, reer « om “a , make a positioner easy to 
elimimating underbead cracking k with j bI 
ving prehe at and yp stheat oT " wor wit ruggec stable 
for str ... 18 built-in by Pandjiris 


and reducing the need for 
lieving Available in capacities up 


The text describes mechanical pror : 
be : | j 2 ; to 140,000 Ibs. 3,000 Ib 

erties and welding procedures ! if 

I model shown 


of the four type electrode 


deposit varying percentages 
mium in the weldment 
letailing stress rupture char 
ind physical properties at 
per itures are included 
four electrode ae 
nce Coney adr landjiris turning rolls 
vriting to Metal & Thermit rp | 5 aa 
POWER to turn cylinders continuously for 
circumferential seams to positior 
. ° » ald 
Welding Cost Analysis them for horizontal weld 
No crane or 
4 production cost study of a mat manual work! 
etri e welding 
“ Hing Pandijiris builds 


| it a | Oss | 
— em right 


yublished by 
- n capacities 


on Sng 0 ' up to 400,000 
0 Ib 


Six pages ina ¢ 


pet ahha ee THE WORLD'S LARGEST 
Siceaiinnd eheinebed ie aitemenon teen MANUFACTURERS OF 
ve unit cost. An accompanyit “AUTO-WELD-MATONS” 


} depicts unit production 


Ly 


PHONE OR WRITE TODAY 


* presented ! 


lf interest to 


DESIGNERS AND MANUFACTURERS OF PRODUCTION WELDING EQUIPMENT 


efficient positioning of all three 


1955 





Simplified Drafting 


A 36-page booklet on “Simplified 
Drafting 
American Machine & Foundry Co 
Authored by J. H. Bergen 
Administrator of AMF’s Engineering 
Division, the 8 


booklet presents in a clever yet dra- 


Standards 
- x Il-in. paper-bound 


matic manner Il common-sense rules tor 
simplifying drafting practices 

Through the medium of sample draw- 
ings of engineered parts and assem! lies 
the 11 rules 


seriptions tor 


from the use of word de 
suuple parts to making 
free-hand drawi ws wherever possible 
are illustrated and a straight-forward 
comparison made between traditional 
and simplified methods 

For additional information write on 
company letterhead to J. H 
Machine & Foundry ¢ O., 


Kingineering Laboratory 11 


Bergen 
American 
General 


gruce Place, Greenwich, Conn 


Gas Welding Torches 


Complets data ind 
Marquette . five 
oxy-ucetylene torch sets are 


specifications 
about entirely new 
given in 
separate colorful brochures 

The brochures tell about the heavy 
duty Super-jet, the medium duty Sta: 
jet, the light duty Aero jet and the Jet 
o-matic (an automatic version of the 
aircraft torch) and the Master cutting 
equipment. The advantages of alumi 
num handle construction are deseribed 
as well as the radically new design 
make these 


lighter and cooler ope rating 


which torches stronger 

hor your free copies, write Marquette 
Manufacturing Co., 307 | 
Ave Minneapolis 
local Marquette distributot 


Henney in 
Minn., or see your 


Electrode Comparison Chart 


The Electrode Division of the MeKay 
Co, has just issued a new Comparison 
Chart which lists electrode classifies 
tions and all major manufacturers’ ele 
trodes which fall into each individual 
class 

The welding electrodes covered in 
clude all classes of mild steel, stainless 
steel and special-purpose electrodes 
used in manulacturing and maintenance 
Also coyered is the new Me Kay line of 
hard-surfacing electrodes 

Welding 
visors and purchasing personnel will 
find this Comparison Chart useful in 


engineers, welding super- 


matching brand name electrodes with 
the AWS class or the AISI grade 

For a copy of the McKay Comparison 
Chart, write to the MeKay Co., 303 
MeKay Bldg., Pittsburgh 22, Pa 
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has just been released by the 





Help Your Society 
to Grow— 
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Mechanical Presses 


A new two-page, two-color S'/», by 11- 
in. thustrated bulletin (kkW-3) deserib- 
ing a new line of inverted mechanical 
presses for a wide iriety of spot and 
projection welding operations is now 
available from Expert Welding Machine 
C’o., 17144 Mt. Elliott Ave., Detroit 12 
Mich 

The bulletin describes 


with cutaway views the design features 


ind illustrates 


| 


of the presses which have a compact 


self-contained mechanical knee unit that 
facilitates the welding of deep drawn 
parts or sssem lie where adequate 
clearance for loading and unloading is 


required 





REVIEWS 


OF NEW BOOKS 











Engineering Mechanics 


Engineering Mechanics, 2nd ed., by 
Archie Higdon I S Air Force 
Academy, and William B. Stiles, Uni- 
versity of Alabama Price $7.95, 585 
pages. Published by Prentice-Hall, Inc 
70 Fifth Ave., New York 11, N. ¥ 

Like the first edition, this book is 
aimed at having engineering students 
rasp mechanics not as a series of 
formulas and manipulative operations 
but rather as a well comprehended 
mechanisn for stripping problems of 
their extraneous confusing aspects, so 
as to be able to break them down into 
relatively simple easily analyzed ele- 
ments 

Text ] laces an empl asis on an under 
standing of the principles employed in 
the solution of problems rather than on 
a rate process of substitution in nu- 


merous formulas 


General Metallurgy 


Metalurgia General by Prof. E 
Jimeno, University of Madrid 
and F. R. Morral, Kaiser Aluminum 
& Chemical Corp. Price, 375 pesetas 
for the two volumes 1323 pages, 6%/, 
x 9°/4. Published by I[mprenta Saez, 
Madrid Distributor: Aguilar 


Spain, 


3 


Spain 


Vew Literature 


‘iis Issued 


This two-volume book 
originally as a publication of — the 
University of Madrid. It is intended 
to help train smentists, engineers and 
technicians in Spanish-speaking coun 
tries, as well as to provide a handy 
reference for consultants and 
else interested in metals 

The whole text, consisting 
chapters covering the various p 
metallurgy, is complemented 
drawings, photographs and tables 
complete chapter is devoted to 


inal cutting of met: 


Painting Manual 


Two volumes of the Steel Struct 
Painting Manual have been publis! 
recently by the Steel Structures Paint 
ing Council, 4400 Fifth Ave., Pittsburg! 
13, Pa 

entitled Good Painting Pract 
Systems and Specification the 
have been prepared by a staff of 
ists and edited by Dr 
Senior Fellow of Mellon Instit 
Director of 
Structures Painting Council 

Volume 1 describes the 


current surlace preparation 


af ye pl 


Research of tl 


ing practices mm various 
The manual is written 


point of paint users It is a practi 


I 
Irom the 


encyclopedia of economical and 
factory painting methods, rather 
a technical treatise on paint formu 
The book contains 18 chapter 
foreword glossary and index 
Volume 2 contains very 
recommendations on painting 
mendous variety of steel structures 
surfaces in various exposures. ( 
plete guides and indexes make 
ior engineers, ar hitects labricator 
and maintenance supervisors to quickly 
easily and correctly specify omplete 
paint jobs for new work or maintenance 
painting. Volume 2 includes complet« 
specifications for surface preparatior 
pretreatment, paint application 
Good Pai 


Practices consists of 32 pages 


and paint systems 
Systems and Specifications consis 
300 pages, S'/. x Il in., e 
leatherette with hard coy 
of either volume may be 
the Council at a cost of $6.00 ea 
postage paid 

Steel Structures 


is an impartial, nonprofit organization 


Painting Coun 
supported by voluntary contribution 
from organizations concerned with the 
manufacture, specification 01 

paints or other coatings for 

tection of steel surfaces 
weldments. It was organized 
through the efforts of the Americar 
Institute of Steel Construction 


in LYSO 


Tot WeLpInG JourRNAL 





Current Welding L 


ACCIDENT PREVENTION. Second 
H izards, P. C. Ziemke palet Maintenance 
108, no. 4 (Oct. 1954), pp. 22-24, 86 

AIRCRAFT MANUFACTURE. () 
ing of Aircraft Undercarriage Comp« 
Wilson grit. Welding J., vol. 2,1 

ARC WELDING. Automatic A: 
ing & Metal Fabrication, vol. 23 

ARC-WELDING COSTS, A. G 
J.. vol. 2, no. 3 (Mar. 1955), pp 

ARC WELDING. 

Steels, 1. C. Fitch 

151-158 
ARC WELDING. 

Other Products Welder 
pp 173 175 

AUTOMOBILE MANUFACTURE. 
hile Components Welding & Met 
} Apr 1055 pp 122-126 

BOILER MANUFACTURE. |! 
Drums I D Davy denko eng 
1055 p 52 

BRAZING. How Yankees 

1), no. 3 (Mar. 1955), pp. 2 

BRAZING. Silver Krazing rene 
Assemblies, C. P serka Indust 
Nlar. 1955) pp 52-54, 106-107 

BRIDGES. Fabrication and kr ior 
Railway Bridges, M. F. Palmer Structural 
no. 12 (Dee. 1954), pp. 322-332 

CARS, FREIGHT. Welded Cent« 

R Locomotives & Cars, vol. 129, 1 

DIESEL ENGINES Manufacture 
Welding & Metal Fabrication, vol 
143-144 

DIES. Welding Repair Prevent 
Burge Pool Iengr vol. 34, no. 3 

ELECTRODES. Mineral Use 
R. M. Stewart. Calif. J. Mines & Geolog 
1955), pp. 9-19 

HIGHWAY SYSTEMS. Welded Te 
Welding Engr., vol. 40, no. 3 (Mar. 1955 

INERT GAS. Automatic Sigma Welding 
ing & Metal Fabricati m, vol. 245, no. 4 

IRON CASTINGS. Repair ol Casting 
es Welding & Metal Fabrication 


pp 
rt 


I 


95 46 
JIGS AND FIXTURES. Positioning 
( W { Vernon Welding & Meta 
Apr 1955), pp 131-146 

LIGHT METALS. Mig and Tig ‘\ 
( Kotcher We aing | ngr vol 
10-31 

LIGHT METALS. Weld Meta 
Arc Welding of Al-Mg-Si Alloys, W 
ing J., vol. 2, no. 3 (Mar. 1955), pp 

MACHINERY MANUFACTURE 
11 In. Thick Used for Machine Bass 
258, no. 3 Mar 1955 pp 1% 50 

MANUFACTURE. Unusual We 
pressor Rotor, R. k. O'Brien Am 
14, 1955), pp. 124-125 


MOTOR CYCLES. Welded Cor 


pp 
rt 


Welder, vol. 23, no. 120 t ‘ pp. 204-205 


JuLty 1955 


iterature 


PETROLEUM REFINERIES Welding in Australian Oil 
Refinery Construction Commonwealth Engr., vol. 42, no. 5 
Dec. 1954), pp. 178-184 

PIPE, STEEL. Shielded-Are Welding of Pressure Piping on 
Site, M. Lorant. Sheet Metal Industries, vol. 32, no. 335 (Mar 
1955), pp 206-207, 210 

POWER-FACTOR Correction of Electric Motors and Arc- 
welding Plant by Means of Condensers, J. I.. Watts. Sheet 
Metal Industries, vol. 32, no, 334 (Feb. 1955), pp. 100-112, 121, 
no, 335 (Mar pp. 198-200 

PRESSURE WELDING. id Welding Process, W 
jarnes Elec. Mfg., vol. 54, no. 6 (Dee 1954), pp. 04 07 

RESISTANCE WELDING Measurement of Resistance 
Welding Variabl J). ki. Robert Welding J., vol. 2, no 
1 (Apr. 1955), pp. 176-180 

RESISTANCE WELDING t Weld Your Small Assem 
lies, J. M. Eenyedy and R. Le Gi | Am. Mach., vol. 99, no 

Miar. 28. 1955 113-115 

RINGS, MANUFACTURE Production of Weldless and 
Welded Ring | ! l », 2207 (Mar. 4 1055), 
pp. 407-470 

SOLDERING . red nnection J. Bieda lee 
Mig., vol. 54,1 ' 1Y5 | 11a 

SOLDERS is © le pe Alloys by Density, J 
Davi \ J. Ka ! CCU Sheet Metal Industries, 
vol. 32, no. 335 (Mar. 1955), pp. 208 210 

SPOT WELDING of Hardenable Steels, I 
Welding J., v 2,1 } (Mar. 1055 yp. 121-1 

STRUCTURES. Welded ierendee! Girders for Primary 
School, C. FE. Oxenham rT 23, no. 120 (Oct.-Dec 
1054 pp. L9O-195 

TESTING. Pra i esting } guaiit ol Spot Welds in 
Semi-Hard Low-A Shee escription of New Method, P 
Joumat Sheet Met ndustry 32, no. 335 (Mar. 1955), 
pp. 201-204 

TOWERS, Aluminum. Welded ft. Aluminium Tower, C 
Marsh Structural lengr on 12 (Dee. 1954), pp. 333 
40 

TUBES. Welded Assem 
23, no. 120 (Oct-D 1954), pp. I 202 

VALVES. Correct Technic Important. Industry & 
Welding, vol. 28, no. 3 (Mar. 1955), pp. 67-68, 70, 72, 74 

WELDING MACHINES Automatic Flow Valve Saves 
Water, Keeps Resistar Welder ol. Industry & Welding, 

1, 28. no. 3 (Mar. 1955 pp. 40-44 

WELDING MACHINES 1h opments in Sweden Weld 
ing & Metal Fabrication ol, 2 1 (Apr. 1955), pp. 145-147. 

WELDING MACHINES. |! Welding Circuit Main 
tenance Saves Caterpillar $1200 per Month, D, L. Caldwell, 
Industry & Welding, vol. 2%, 1 > (Mar. 1955), pp. 34-48, 41, 
63 64 

WELDING MACHINES. Giant Flash Butt Welder Joins 20 In. 
Diameter Alloy Steel Tubing. Industry & Welding, vol. 28, 
no. 3 (Mar. 1955 pp. 59-64 

WELDING MACHINES. Specialized Machines for Auto 
matic Production, J. Latimer Welding & Metal Fabrication 
vol. 23, no. 4 (Apr., 1955), pp. 139-142 

WELDING. New Process Advantages of Fusion 
Welding and brazing Industry & Welding, vol. 28, no. 3 (Mar 
1455 pp 10-44 mf) 

X-RAY ANALYSIS Kk y I Weld Inapection, Ww. W 
Thayer Oi & G 2. @ 5 15 (Mar. 14, 1955), pp. 147 
148, 151-152 
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in 
; ' | 
’ 
as in other 
great industries 


MILLER 
WELDERS 


are preferred 








Miller Selenium Rectifier type D.C. Arc 
Welders are available in four wide range 
models For complete information on these 
and other Miller arc and spot welders 
contact us tedey at no obligation, of 
course. 


St. Levis Shipbuilding and Steel Co., larges! 
builders of inland towboats in the world, require welds 
that will withstand a maximum amount of abuse. 

Look anywhere in St. Louis Shipbuilding’s mammoth 
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STATIC TESTS OF WELDED 
ALUMINUM ALLOY BEAMS 


Experimental program develops useful data for establishing 
design procedures for welded structures of aluminum 
alloys containing up to about 6% magnesium 


BY MARSHALL HOLT AND R. B. MATTHIESEN 


I. Introduction ig welding. The U. 8. Army, 2? ll. Specimens 
Continuing researc! Force have approved specif he ‘ ol ind section elements 
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Table 2—Specified Tensile Properties of Weldable High-Strength Aluminum 
Alloys 


0 0005 


Yield 
Ultimate strength 
sire ngth (offset = () A) / Elongation 


Alloy mintmum, mintmum, mintmun 


0 060 20 


and : $8 except as noted except as noted, except as noted 
temper psi par Te 
51540 ¢ 2 000 30,000 11,000 12° 
-HI12 22.000 30,000 11,000 
-H32 20-2 000 36,000 26 , 000 
-H34 2 000 39,000 29, 000 
-H36 20-2 000 12,000 32,000 
-H3s8 20-2 000 15,000 25.000 
X5356.0 000 38,000 000 
Hii2 250-0 500 10,000 22,000 
-HI12 501-1 000 38 , 000 000 
-H112 3 000 38,000 000 
-H321 250-2 000 12,000 000 
6061-0 0 010-3 000 16, 000+ 0004 
-T6 0 010-3 000 12,000 35,000 


0 05-0 20 
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* Varies with thickness, only minimum value shown 
t Expected values, not guaranteed 


0 05-4 


sections of the specimens. The values could utilize the relatively high strengths 
for all specimens are within +4 and of cold-worked plate material even if 
6.5% of the average the heat of welding would erase a small 
The six types of specimens which part of the effects of cold working 
were tested are illustrated in Fig. 2 Plates of 5154-H34, X5356-H34, X5356- 
The specimens of Type A were fabri- H112 and 6061-T6 were used in making 
cated from three pieces of sawed plate these specimens. 
by attaching the two flange plates to The specimens of Type B were simi 
the web plate by means of fillet welds. lar to those of Type A in that they 
For the alloys that cannot be strength- were built up by welding. In addition 
ened by heat treatment, it would be ex- however, a transverse butt joint was 
pected that this method of fabrication made at the center of each specimen and 
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TYPE A SPECIMEN — BUILT-UP BEAM 
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SPECIMEN — BUILT-UP BEAM WITH BUTT JOINT AND STIFFENERS 
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Table 1—Specified Composition Limits of Weldable High-Strength Aluminum Alloys 
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TYPE D0 SPECIMEN — EXTRUDED BEAM 
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SPECIMEN — EXTRUDED BEAM WITH BUTT JOINT AT CENTER LINE 


aN wi 


TYPE F SPECIMEN — BUILT-UP BEAM WITH BUTT JOINT AT CENTER LINE 





























Fig. 2. Types of specimens 
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Table 3—Results of Tensile Tests of Material* 
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In the case of the 6061-T6 


extruded hapes, two sets of tensile prop 


specimer! 
erties are given because two pieces from 
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the parts were cleaned by 
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not preheated and were 
1 temperature tolerable to 


“le Process 
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such before starting the subsequent 


the flange-to-web fillet welds 

ted in the down-hand posi- 

tion in two passes without prior edge 
preparation. In preparation for making 
the butt the edges 
ed to form a 60-deg vee with 

ibutting lip. The specimen 
o that all the welding was 
down-hand position, The 
vas back-chipped before dep- 
osition bead on the reverse side. 
The transverse joints in the two speci- 
pe F and one of Type E were 
special back-chipping 
techniques in an attempt to obtain 
complete penetration at the junction 
the web and flange, since the failure 
of the other specimens with transverse 
oints showed that complete penetra- 
tion had not been obtained with simple 


tran welds, 
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mens of 
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| 
ol 


hack cl 

4 steel jig was used to maintain the 
ilignment of the parts during welding. 
Kor ecimens ol Types A, b,  ; 
ind the flange plates were deformed 
in the jig so that the flanges would be 
flat after welding. With few exceptions, 
ind distortion of the 
ecunens within the 
tolerances for straightness, 
flatness of similar extruded 

believed that the distor- 

pecimens had no signifi- 
on the structural behavior 
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Results of Tests of Welds” 
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Fig. 3 Results of tensile tests to determine the extent of the heat-affected zone. 


the nonheat-treatable alloys broke in 
the region of the metal; 
whereas, the full-section specimens of 


deposited 


these alloys and also both types of speci- 
mens of 6061-T6 broke near the weld 
in the heat-affected zone. A compari- 
son of the results from the reduced- 
specimens with the original 
tensile strengths indicates the following 


section 


joint-efficiency factors 


5154-34 
5154 


Base metal 
Filler metal 
Joint-efficiency, % 


It should be noted that the tensile 
strengths of the reduced-section speci- 
mens are greater than the corresponding 
specified tensile strength of the material 
in the annealed condition. 

As indicated previously, it is to be ex- 
pected that the heat of welding would 
erase some of the effects of tempering 
Both 


hardness surveys made on '/,-in.-thick 


in a narrow zone along the welds. 


slices sawed from the ends of the speci- 
mens of Types A and C and tensile 
tests made on specimens taken at vari- 
ous distances from the in the 
beams of Type A were used to deter- 
mine the width of the heat-affected 
zone, The results of the tensile tests 
are shown in Fig, 3 and no appreciable 
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differences can be noted in the widths of 
the heat-affected zones for the various 
alloys. Both types of tests indicated 
that the heat-affected zone in the flanges 
extended to approximately */, in. (two 
times the thickness) and in the web 
to approximately 1'/, in. (five times the 
thickness) from the center of the weld. 
The widths of heat-affected zone indi- 
by these data essentially 


cated are 


6061-T6 
5356 


6061-T6 
1043 
o4 


X5356-H34 
5356 5356 


SS 


‘4 


those indicated — by 


as 
but the techniques used 
tend 


the same 
other tests,’ 
in both investigations probably 
to minimize the width of the heat- 
affected zone. Without control of 
interpass temperatures or with higher 
rates of deposition, the width of the 
heat-affected zone 
cantly greater than 


signifi- 
tests indi- 


might be 
these 


cate.® 7 
iil. Test Procedure 
The tests 
Amsler hydraulic-type testing machine 
using the intermediate 100,000-lb load 
range. The periodic calibrations of this 
machine indicate that the loads are in 
error by less than one percent for the 


beam were made in an 


TS 


Welded Aluminum Beams 


Tensile strength. YS = Yield strength 


of the load range The 
specimens were loaded at the third 
points of a span of 73.5 in the ends 
being considered simply supported by 
the fixtures shown in Fig. 4. Because 
of the large deflections developed in 
these tests, the loading struts 
allowed to slide on the upper loading 
head. It is believed that this arrange- 
ment minimized the secondary effects 
that might have resulted had no move 
ment been permitted. 

The load was applied in increments 
until failure occurred, deflection meas- 
urements 
and a taut wire being made at mid-span 
and at the load points for each incre 
ment. An autographic load-deflection 
curve was also obtained 


IV. Results of Beam Tests 


The results of the beam tests are pre- 


upper 90% 


were 


using mirror-backed scales 


sented as load-deflection curves in Figs 
5, 6, 7 and 8 and 
Table 5. Table 5 contains 
tion of the and 
the parent metal and filler metal alloys 
(a) Built-up and Extruded Beams (Without 
Transverse Joints) 

The load-deflection 
built-up and extruded beams 
A and D, respectively) are shown in 
Fig The marked 
“computed” in this and in subsequent 


are summarized in 
a descrip 


specimens indicates 


the 
Types 


f 
or 


curves 


5. straight line 
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loads between about 20,000 and 40,000 
lb, the latter value being about two- 
thirds of the ultimate load. The curves 
for the extruded beams of 5154 and 
X5356 and for the annealed extruded 
beam of 6061 depart rather rapidly 
from the computed straight line. 

The ultimate loads for the built-up 
specimens of 5154 and X5856_ plates 
ire approximately 1.5 times that of 
the corresponding extruded beam in the 
innealed condition, The welded beam 
f 6061-16 plates supported in ultimate 
oad approximately 2.1 times that of 
the extruded 6061-0 beam but only 90°; 
of that of the extruded 6061-T6 speci 
men. Of the two beams built up of 
6061-T6 plates, the one welded with 
5356 filler metal was slightly stronget 
{°7) than the one welded with 4043 
wire Chere is no significant diflerence 
in the deflections under the maximum 
loads 

Of the built-up specimens, the one 
made of X5356-H34 plates supported 

3 the largest ultimate load, 63,500 Ib, 

Fig. 4 Test setup vhich is only 3250 |b or about 5% less 
than the ultimate load supported by the 

load-deflection diagrams is based on In all cases, the measured and com 6061-T6 extruded beam. The ultimate 
computations which include both bend puted deflections agree very well in the loads for the other built-up specimens 
ing and shear deflections Failure of initial portion of the curves For the were approximately 59,000 Ib. The 
these specimens oceurred by lateral built-up beams, the departure of the computed shear stresses in the webs 
buckling after rather large’ vertical curves of measured deflections from near the flanges were 14,100) psi for 
deflections the computed straight line is gradual for the X5356-H34 built-up specimen and 
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Fig. 5 Load-deflection curves for built-up and extruded beams. (See Table 5 for a description of the specimens) 
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Fig. 6 Load-deflection curves for built-up beams. (See Table 5 for a description of the specimens) 
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about 13,000 psi for all the others. 
Since the shear strength of 6061-0 is 
considered to be about 12,500 psi, it Alloy Ultimate 
appears that a failure governed by the and Filler Load, Stress,* Deflect 
shear strength of the web might have Description lemper metal lb pst 
Built-up beam 5154-H34 5154 59,400 43,600 
Built-up beam with 45154-H34 5154 52,600 38,600 
(b) Built-up Beams with Transverse Joints transverse joint and 

The load-deflection curves for the stiffeners 
Iixtruded beam 
Extruded beam 
extruded beam with 


Table 5—Summary of Beam Test Results 


been impending 


built-up beams with transverse joints 
(Types By and F) are plotted in Fig. 6 
with those for the beams without joints 
re transverse joint 
Type A). Since most of the speci- Built-up beam with 5154-H34 
mens with transverse joints fractured transverse joint 
through a region of incomplete fusion, P Built-up beam X5356-H34 
a comparison of the ultimate loads with AL! Built-up beam X5356-H112 
those from corresponding specimens Built-up beam with X5356-H112 
without transverse joints may not be a transverse joint and 
valid indication of the effects of the heat stiffeners 
kixtruded beam X5356 0 
Extruded beam X5356-F 
extruded beam with X5356-F 5356 


ipplied in making the joint and attach- 
ing the transverse stiffeners 
At intermediate loads, the deflections fenaveen taint 
nen ‘ ansverse join 
po ell Ph nrvenyy vi ad yer ‘§ Built-up beam with X5356-H34 5356 
transverse joint 
the corresponding specimens without Built-up beam 6061-T6 1043 
a transverse joint. On the other hand, A! Built-up beam 6061-T6 5356 
for loads up to 40,000 |b the deflections Built-up beam 6061-T6 10423 
of specimens Fl (5154-H34), F2 (X5356- transverse joint 
H34) and B2 (X5356-H112) agree very stiffeners 
well with those of the corresponding 5 Extruded beam 6061-0 27 , 700 
extruded beam 6061-T6 750 


specimens without transverse joints 
ixtruded beam w 6061 0 25,400 


A comparison of the load-~leflection 
transverse joint 


<truded beam 6061-T6 2C0 
nT transverse joint 
in making the Type F specimens were f extruded beam 6061-T6 350 
effective in increasing the ultimate load transverse joint 
Specimen Fl (5154-H34) failed by , Extruded beam 6061-T6 5, 500 
lateral buckling as did the corresponding transverse joint 
( omposite beam 6061-T6 and OCcod 
ference in the ultimate loads was only olst Hs 

‘ Cs te b 606 O ane 535 70,900 
about 3% At intermediate loads, the ME post eam an r ~~# 

osob s 

deflections of specimen BIL, with stiffen ' Composite beam 6061-T6 and 65,800 
ers, were greater than those of FI, X5356-H112 


curves for specimens Bl and FI, indi 
cates that the special techniques used 


specimen without a joint. The dil 





probably because of the greater extent 
of the heat-affected zone Kven with 
the special techniques, specimen F2 
(X 5356-134) failed by fracture through 
a small region of incomplete fusion 


* Computed from elastic theory 
1 Deflection at ultimate load 


(c) Extruded Beams with Transverse Joints for beams without transverse joints 


in the joint; however, the maximum 
the Type D). It appears that the intro- 


load and the deflection at failure were The load-leflection curves for 
close to the corresponding values for extruded beams with transverse joints duction of the transverse joint had no 
the specimen without a transverse joint (Type E) are shown in Fig. 7 with those significant effect on the behavior or 
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Fig. 7 load-deflection curves for extruded beams. (See Table 5 for a description of the specimens) 
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On the basis of offset deflection, the 
specimens can be placed into two 


groups; those which are continuous 
without a transverse joint and those with 
a transverse joint. For the beams with 
out transverse joints (A4, C2 and D6) 
the offset deflections are about 0.207 of 
the span; whereas, for the beams with 
joints (B3 and 3), the offset deflec 
tions are about 0.0330) of the span 
It would appear from this that one defi- 
nition and criterion for beam yield 
strength will not fit all cases 

For the extruded beams in each alloy 
the departures of the load-deflection 
curves from the initial straight lines 
oceur at loads corresponding to com 
puted stresses approximately equal to 


the vield strengths 


V. Concluding Remarks 


The foregoing data and discussion 
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indicate that satisfactory welded struc- 
tures can be made from these three 
aluminum alloys. The 
welded joints in cold-rolled or 


strengths of 
heat- 
treated plates are less than the tensile 
strength of the parent plate but greater 
than the strength of the material in the 
annealed condition. Beams built up 
from material in the harder tempers 
with longitudinal welds have strengths 
significantly greater than those of an- 
On the other hand, the 
strengths of the beams with transverse 


nealed beams 


joints are dependent on the strength of 
the welded joint 
strength of welded joints in the non- 


Because of the greater 


heat-treatablealloys, transversely jointed 
beams of these alloys are stronger than 
are transversely jointed beams of the 
heat-treatable alloy 
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THE WELDING OF COPPER AND ITS ALLOYS 


Review of the literature published from 1936 to 
1954 includes the optimum procedure to solder, 


braze or weld any of the copper alloys 


BY IRA T. HOOK 





FOREWORD. In the earlier evir 
terminating on Jan. 1, 1936,° an attempt Table 1—Joining Processes and Temperature Ranges 

was made (1) to summarize the kno ’ 

of the art of welding copper and copp: emperature range 

illoys in order to avoid duplicatior foining pro Varimum 


effort in planning researches and é ! old weld ; (Oo temperature of above 


240° C( 460 
175 845° C C1550" 
1HO0 054° C' (1750 
C 
Cc 


enable one to plan the optimum 
method for a given alloy or a give 
nection At that ire there wa 
mfiusion as to the efhena ot (1 


to t he 12 } sda ) ; +1 mpper-l lrowt , j 2000) | 1149 


(2100 
ind elding | \“ ling, resistance weldit ‘ 25° | 1261” (2300 


Variou 








ol the 
ke the review useful 
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{ tt tion ¢ | ) f mercial practice and 
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iken as the primary 
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dependent thereon 


uch abbreviated state 
WELDING HANDBOOK . 
f processes* on its page 
the eight general welding 
Forge Welding, Thermit 
low Welding are not in 

ble | above. The reasons 
ions are stated below 
ling which bias heen Mey Mule 
the familiar blacksmith’s 
ught iron and steel since 
the Christian era has 

ful with copper, brass 


=e 5 F oy xides formed on the 
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‘opper alloys are more closely clinging 
and interfering than the oxides on the 
ferrous metals. Theoretically speaking, 
it should be possible to dissolve the 
copper oxide films with borax and then 
effect a hammer weld at about 1200° F 
but, practically, it is not easy. It has 
never been an acceptable process. 

Flow welding was used by the Romans 
in the manufacture of bronze bathtubs 
in which process the edges of the ad- 
joining parts were brought to the fusion 
welding temperature by flowing molten 
bronze over them and using part of same 
for the filler metal. Flow welding is 
sometimes used in the brass foundry to 
fill out a worn, broken or imperfect cast- 
ing, a8 a ship's propeller, In this case 
the casting is heated and the place to 


he filled set on a slope. Superheated 


It will be noted in Table | that there 
are both gaps and overlappings in the 
temperature scale. That is actually the 
way it is in commercial practice. The 
most serious gap is that between soft 
soldering and silver brazing. There is 
an unsatisfied demand for a medium- 
160 to 
there are alloys to 


hard solder in this range, i.e 
1175° F. Actually, 
meet it, as will be pointed out later 
jut, at the moment, there is no flux 
that is entirely dependable in this tem- 
perature range. The aluminum indus- 
try has silver alloys and fluxes that melt 
around 1000° F, but these have not been 
This tem- 
perature gap is not as bad as the tem 
perature range makes it appear for the 


used on the copper alloys 


reason that torch equipment used in 


soft soldering can be employed with 


ferent category from brazing and braze 
welding as will be seen later. The 
overlapping between this process and 
fusion welding will also be explained. 


Elements Associated with Copper 


In Table 2, the various elements as 
sociated with copper in making the 
thousand and one copper alloys are 
listed. The melting and boiling points 
are given for each element, together wit! 
the proportional range in which it is 
added to copper 

The melting and solidifying tempera 
tures of a given element are always at a 
common, definite value, characteristic 
of the given element. The melting 
and solidifying temperatures of an alloy 
are usually not the same. In the tem 
perature range between the liquidus and 


metal of the same composition, man- equal facility in silver brazing. 
Again, the temperature gap hetween 


the silver solders, 


the solidus of an alloy, the material 
ganese bronze perhaps, is flowed over 
the base metal until the area is brought 
to temperature and cooler filler metal 
allowed to solidify. With modern facile 
control of heat in the torch or are, 
flow welding need be given no further 


will be a mixture of liquid and solid 
phosphorus-coppers particles 

There are several important excep- 
tions to this last stated rule. A few 
binary alloys have a definite, common 
melting and solidifying 
known as the eutectic temperature 


and the brazing alloys is more ap- 
parent than real 
of the connection, either silver brazing 
or brazing may be used. 
Copper-hydrogen brazing is in a dif- 


With proper design 


temperature 


consideration 





Table 2—Elementary Metals Associated with Copper in the Copper Alloys 


Proportions usedina copper alloy, b/ 


Velting point Boiling point Vas 


Klement ( I EC? F) Vin Wrought alloy Cast alloy 
Aluminum 600 2060 0 00 11 00 11 00 
1220 (3740) 
Arsenic * O15? 0 00 1 00 
(1140 )1 
12804 2770 
2440 (5020) 
Boron 2500 2550 
1200 (4620) 
Cadmium $2 7H5 
H10 (1409) 
Chromium suo 2500 
3440 (4500) 
(Copper 1083 2600 
(101) (4700) 
Iron 1540 2740 
2802 ) (4960) 
Lead $27 1740 
(621 (3160) 
Magnesium 650 1110 
(1202) (2030) 
Manganese 1245 2150 
(227% (3900) 
Nickel 1455 2730 
2651) (4950) 
Oxygen * 219 183 
s2 { 297 
Phosphorus* 4 280 ’ ‘ Phos. deox 
11! (536) 
Silicon 1430 2300 
2005 (4200) 
Silver wl 2210 
1761 (4010) 
Tellurium 150 1300 
(S40 (2530 
Tin 2:32 2270 
m0 (4120) 
Zine eh G06 
(787) (1663) 


Aluminum bronze 

Arse nical { oppe I 

Beryllium Servilium copper 

Cadmium copper 

Chromium copper 

Electrical copper 

In aluminum bronze and ma 
bronze 

Leaded copper Drass and bror 

As deoxidizer only 

Mangane se Copper 

Manganese bronze 

Cupro nickel and nickel-silver 

In tough pitch copper, electri: 

copper phos 
phos. bronze 

Silicon copper 

Silver-bearing copper 

Tellurium copper 


Bronze 


Brass 





* Usually regarded as a nonmetal 
t Sublimes 
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At the 
tions of the two elements are known a 
The eutect 

temperature is generally lower than the 


same time, the definite propo! 
the eutectic proportions 


melting point of either constituent 
elementary metal 

The Metals Handbook 
important eutecti 


interest to the 


shows severa 
compositions ol 
users Of copper 
copper alloys, thus 

l The eutectic formed 
ing of 28.1% copper with 
melts and solidifies sharply 
1465° F 
2 Copper 91.62% 

> has a eutectic temperature 

( 1317° | In this case the 
eutectic temperature is higher than the 
melting point of the elementary pli 
phorus 
3. A brass made up of 62° 
and 38°, zine melts and s¢ 
at 903° C (1659° F 
4. The important 


sharply 
tinners 
is made up of 61.9° 

lead melting and 

at 183° C (361° I 

50:50 


solidu range 215 


tin-lead 


‘he boiling points of the elem 


not as well authenticated as the 
wints but are given for 


three of the 


phosphorus and zin 


comm] 
In only element 
eacdmium 
boiling points of particular inte: 


the welder 


expanded from 
HANDRBOO! 


Minor 5s well 


WELDING 


The amount 
elements to copper 
for a casting than for 
This fact is of interest to the 
many times he is called upon 
harder weld deposits in are 
able from a wrought al 
accomplishes this | us 
he uses composite rods or met 7 


in the coatings 


Grouping the Copper Alloys 


Copper and the 


irious Copper 
may be assembled into a comparative 
small number of groups, each of wl 
has respectively some similarit 
reaction of the individual 
welding metallurg The 


dreds ot copper a 
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Table 3—Copper Alloys Grouped According to Welding Characteristics 


Composition, “; un rema 


and ASTM specifications 

Tough pit h Carries 0.02 to 0.07% 
form of microscopically small specks 
ASTM B152, Type ETP and 


copper copper 
xygenil 


uprous OXicde 


gen-lree copper Has no 
ide in it Phosphorous deoxidized 

as 0.015 to 0.040% residual phos- 
ASTM B152, Type DHP 

Special alloys 


kidized or Ox’ 


» SU copper und red brass 


9 to 20 zine I lead for free machining or tin for 
ASTM B36 


brass, 


it th and resilience 
Spring bras cartridge brass, common 
$2 zine Miuntz metal An addition of 0.5 to 1.0% tin 
| tir found in Tobin Bronze and Admiralty Also 
fractional percents of tin, iron and manganese 

2 to 3% of lead is generally 


58 copper 


nanganese bronze 


1ded 


<tr urchiteetural bronze and brass 
ASTM B36 and Navy 46B6 
» 55 copper ought 1 | silver usually has 18 to 25% nickel 
32 zine Iextruded nickel silver is 
» 20 nickel igher in zir ibout 40% and lower in nickel, 
to 3% lead. ASTM B22 
ASTM 8122 and Navy 46C6 


» 40 copper 
10 nickel 
) to 89 copper ; bronze. Grade A phos 
to ll ti yhor bronz i to 5% tin, Grade C about 8% 
to 0.35 phos in iad ibout 10.5% tin ASTM 
» 95 copper ASTM B06 


5 silicon 


or tin 
» SS copper Avinlite 
mitains about 1% of iron, 


ASTM B169 


y ecipit ition hardenable® (p 


wwing bronze and 
% © albumin 
iron rig ( | ) el 


lite ON 


cipitation hardenable 


eleetrieal conductors 
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942, into 65 nta yu opp illoys with 27 repre- 


\NDBOOK® lists eight 


metallurgical 
in detail 
ASM, the 


neopor ited therein, with 


ical and welding 


Ci phy 


her speci ations 
ASMIc in its Handboo llo into eight divisions 
| : ’ ? 


opertie like ime eport +) 


he first eight groups of 


nd the writer grouped the 


sichaatedinns ‘and tay 
technologica na ups 9 and 10 have been 


rome | { 65 . t é , 
' ' rhe v ») represen vt table tor the sake of COL 


though these are not 
dentical with tl n the 
oe enn the classification of 


r handbook 


H.J. Mi ler® publi hed. for the benefit : ill be used 


re ' 
up 
La i 


The properties of 


of the British copper industry, an ex the gyi or 
cellent summary of copper alloys in 17 velding, will be explaine 
tables or 


position properties and 


pone. Me lnstudad a thousand and one copper 
ippropriate here will be some which will not 
upplicatior nposition falling within the 

. Table 3 


on account of their lengt ) » metallurgy of the elements of 


He mentioned welding 


u However, notes 


e above lists of copp 


tudent of copper wel ‘ provide a clue as to 
however, be familiar wv i@ group into which any specific alloy 


0 ind their properti 
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Welding Metallurgy of Copper and 
the Copper Alloys 


In a fusion weld, the metal has to run 
room temperature 
through preheat to melting through 
solidification, possible hot working, and 
The metal 
bringing into 


the gamut from 


back to room temperature 
expands and contracts 
play strength and ductility, hot and 
cold These are effecte which are of as 
much interest to the welder as to the 
metallurgist 

Specific properties of interest to the 
velder in the metals of a weld are 
1) Surface conditions of the solidus 
2) of the liquidus, (3) thermal con 
duetivit 1) 
point, (6) cold duetility, (7) hot due 


melting point, (5) boiling 
tilits (8) hot and cold strength, (9 
coefficient of expansion and contraction 
10) reactions wit! r, welding gases 
including heating and shielding gzeses, 
11) reactions with the fluxes, fluxcoat 
nz and finall 12) the soundness 
ductility 
finished weld 


harcdne ind strength of the 


these 
attention will 


However, rather than discuss 
properties catezoricall 
he called to them as the joining process 


iteelf is deseribed 


Optimum Joining Processes for the 
Copper Alloys—An Evaluation 

listed in Table | 
ire discussed in proper sequence below 
Note that the 
order of temperature from room tempera 


ture lo that of the liquidus of the moat 


The six processe 


(uence 8 arranged wn 


refractory copper alloy at about 1260° C 
300° F) Any of these temperatures 
ire readily attained by mode n welding 
equipments hurnaces and maduc tion 
heaters 

Aside from such strietly mechanical 
connections as riveting, bolting, thread- 
ing, clamping, wrapping of wire, seaming 
of sheet metal, ete 
variations of joining in which the atomic 


we have numerous 
bond is brought into play These are 
the connections with which we are con- 
cerned here. Table | shows the various 
joining methods which are applicable 
together with the temperature range to 
which the base metal and the filler 


metal are heated 


Cold Welding 


The metallic (atom) bond is a power- 
ful force of extremely short range of the 
order of perhaps less than 10 A units 
center to center of atoms. Glasstone' 
remarks “that metals are characterized 
by the presence of a special type of 
metallic bond, in which a relatively small 
number of electrons are able, in some 
manner, to bind towether a large number 
of atoms or, more correctly, ions.”’ 

The metallic bond is progressively 
weakened as the atom energy is in- 
creased with the temperature until at the 
melting point, and up to the boiling 
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point, the gravitational force on the 
atom supersedes the metallic bond 
Cold welding contemplates forcing 
atom pairs, one from each of the metals 
to be joined, sufficiently close by me- 
chanical pressure to bring the metallic 
bond foree into pla If a sufficient 
number of atom pairs are brought to- 
gether across the joint, a more or less 
and the 
strength partly retained after the ex- 


strong weld will be obtained 


ternal pressure is relieved 

A molded part made of powdered 
metals compacted under the normal 
commercial pressure is a case in point 
The part will endure reasonable han 
dling because of the atom bonds at pres- 
between powder particles 
Sut in few ceses is the integrity of the 
molded part sufficient for its intended 
use, It must be handled gently. Only 
after sintering is its strength and hard 


sure point 


ness sufficient for its intended use 

Sintering 
alloys are given in Metals Handbook 
is 1300 to 1650° F, Such temperatures 


ie fur above the recrystallization tem 


temperatures for coppel 


perature and approach incipient fusion 
They mutual 
diffusion of the materia 


undoubtedly promote 
of the faving 
suriaces 

Wulff'* remarks The 
strength of the 
metal) depends on 


cohesive 
material powdered 
the atomic 
bonding between contacting surfaces. 
The greater the plasticity of the pow 
der, the probability of 
forming such bonds 


greater the 


The principal difficulty in establishing 
the metallie bond in making cold (room 
temperature) welds, seems to be the 
elimination of surface films from the 
lnving suriaces 
ing the process fo! aluminum, savs that 
after cleaning the surfaces of all grease 
and dirt, which may be accomplished 
by the usual mechanical or chemical 
methods, the clean metallic surface 
must be further reduced to raw metal 
by serateh brushing preferably by a high- 
speed revolving wire brush having 
suitable steel wires as to size and hard- 
ness. Chemical cleaning is unsatis- 
factory as the chemical must be washed 
off, which washing invariably leaves an 
interfering film 

The second requisite according to 
Sowter'’ is a pressure (at room tempera- 
ture) sufficient to deform the metal. 
In the case of aluminum this is stated 
to be 24.000 to 36,000 psi 
copper it should be two to four times this 
value. Dubillier agrees that pres- 
sures for aluminum should be 27,000 to 
10,000 psi, with 2 to 4 times these values 
for copper 

Parks" in an exhaustive study of the 


while for 


spot welding of copper and brass at 
recrystallizing temperatures used a 
different approach from Sowter by (1) 
2) lighter 
pressures and lighter deformations and 


using cold worked surfaces, 


Hook—-Welding of Copper 


Sowter in deserib- 


elevated to those 
He also used 


circular spot welds which were objected 


4) temperatures 
causing recrystallization 


to by Sowter as restricting flow of the 
metal under pressure in a manner 
destroy the cold welded bond 

Parks" proves 


solid-phase spot 


However, 
cellent 
obtained in electrolytis 
the spot welds were mace 
tures between 300 and 400° | 
cartridge brass at temperature 
500 to 800° F. The weld 
bonding time) was 15 n 
per and 2 min for the br 
the reerystallizing temper 
of deformation and ree: 
time at welding pressure 
last variable to be from 10s 

Kinzel whose work 
1944 several vears 


contemy 


hafnre 
was announced 
tvpe ol solid-phase wel 
cold welding deseribed b 
Dubillier and the reeryst 
investigated by Parks 

fully prepared surfaces 


at a definite pressure and heated 


interfaces and back of the inte: 
forging temperature. The pre 
insufficient to cause deformatior 
room temperature but high enoug 
deform the heated, but still solid 

Kinzel agrees that physical tes 
solid-phase weld provide an 
of the quality of the wel 
insists that the interfaces sho 
literated (1) by erystal gr 
same and (2) by diffusion of 
metallic film, such as an oxi 
may have been present at the 

Most of his work was done upor 
but experiments with copper 
brass and 60/40 brass indicated 
solid-phase welds were possi 
temperatures approaching, but well be 
low, the solidus temperature. Kinzel 
remarks that “Copper can be welded at 
temperatures close to the melting point 
only with great difficulty.”” The 60/40 
brass, which has an alpha-beta trans 
formation at temperatures around 1400 
F, welds at a lower temperature than 
copper or the 70/30 brass which have no 
such transformation. Kinzel postulates 
that the diffusion of atoms and non 
metallic solute molecules is accelerated 
by such transformation 

Davis and Holmes," havi 
vantage of the foregoing reports, made in 
1949 a more thorough investigation of 
the characteristics of copper alloys in 
solid-phase, elevated-temperature weld 
ing. Tests were made on phosphorus 
deoxidized copper, 70/30 and 80/20 
cupro nickels; 93/7 and 91,9 phosphor 
bronzes; 85/15 red brass, leaded brass 
alpha-beta brasses, silicon bronze and 
aluminum bronze. 

Temperatures varied from a low of 


475° C for one test on leaded brass to 
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temperat 


esible | 
note 
the 


hough these 


yen at all 


ed 


ron are 


Iron 
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Soft Soldering 
Temperature 360 470° F* 


meta 


nulacture 


In tl 


mated 


i elding of ( Oppel 


4 


knowledge of the funda 
ies of solder allovs and 
ipplving them is needed in 
older etherently at modern 
peeds This is undoubt 
Viany ineflicient joints are 
1e cases, this is due to the 
the operator, and in others 
ient knowledge of the 

ed in soft soldering 
~olders are given in 
ons B32-49.'") Of the 
listed, the following 
most commonly 

nlloyve 

olders ol Table 4 are 
above specification 
mony solder is quoted 
n the U.S. Federal 
7 He also shows 


ind silver-cadmium 


d solder is useful ina 

lol on copper i nd 

and wires where 

tion is desired. The 50 
el preferred for solder 
rice temper copper rool 
r leader and gutter work 
content of the former is 
id-rolled copper brass 
eet and strip and cold 
ind bronze wires The 
commonly used for 

of copper plumbing 

it should never be 
connection is subjected 


i long riser for a tall 


intimony solder is pre 
iter plumbing and for 
ition because of its 


it clevated temperatures 


olders listed in Table 4 

for applications where 
uture are apt to go 
They are not as easy to 
lower melting solders, 
ulty lies more with the 
th the solders or the heat 
The chloride fluxes break 
mperatures under 600° F 


irfaces to the torch uses 


lable 3, all of the copper 
those of Groups 7, 8 and 
oft soldered The copper 
of Group 7 are soft 
thout difficulty provided 
leaned and fluxed before 


hardened by cold rolling 
trip or cold drawing of 
bars and shapes, will usu 
the cold-work hardness 
ft soldering operation as 
n a brazing or fusion 
ition. However, pure cop 
oftening point about 


is sometimes softened 








Table 4—Typical Soft Solders 


Velling 
Solidus 
184° € 
(461° 


\ l Y 
Nominal composition, “Yo 


7 nm Le ad 
i) i) 


ranges 


190° © 


216° © 


(421° 


238° C 


(460° 


240° C 


(464° 


304° © 
(579 
100" 


97 5 Pb 


95 Cad 


(752° 


Liquidus 


(374° 


Applications, remarks 
Tinners solder, quick solidification 
Used thin copper and 
brass 
General Most popular 
of all for copper alloys 
Plumbers wiping solder 
F) monly used on copper alloys 
Antimonial tin Stronger 
joints for hot water lines than the 
50:50 solder 
High 
I Torch soldering 
High 
if Torch soldering 


resistance 


F) sheet 


on 
purposes 
Not com- 


solder 


temperature soft solder 


temperature, soft solder 


(,00d corrosion 





unduly in a soft soldering operation, as 
in the manufacture of automobile 
radiator cores, for example. In such 
copper, with an addition of 0.03 


to 0.10% silver, or a red brass, is pre- 


CASeCs 


ferred 

The aluminum bronzes and beryllium 
coppers of Groups 8 and 9 are difficult 
Silver brazing is a pre- 
joining. Richards* 
suggests that beryllium copper should 


to soft solder 
ferred method of 
be soft soldered only when the stress on 
the connection is low 

Solders are available in a wide variety 
cored wires and powders 
dis 


ol bars 
G. i 


cussion of the variables involved in soft 


wires, 
Bohn™ gives an excellent 
soldering the copper alloys as (1) the 
solders and their properties, (2) heating 
3) fluxes 


soldered, (5) 


methods and types of flames 


(4) design of joint to be 


coppel ind) bra base metals, et 


Bohn recommends a careful study of the 
Bureau of Standards publications on 
solders and soldering 

Fluxes for soft solders are obtainable 


Macintosh lists 


seven general types of inorganic fluxes 


in «a wide variety 


and 14 organic fluxes. There are many 


more proprietary fluxes 

Rosin is the flux most commonly used 
when A HOnCOrrosiVe One ts desired nsoon 
electrical equipment, Proprietary vari 
eties of noncorrosive fluxes are available 
in powder, liquid, solder-cores and mixed 


with powdered solder 


Silver Brazing, Phosphor Copper 
Brazing 

Silver Brazing or Hard Soldering, 635 C 
(175° F)-843" C (1550° F) 


All of the copper alloys in the 


ten 
groups of Table 3 are brazed more or less 
readily by the alloys in the silver solder 
group.'® Some typical silver and other 
hard solders are listed in Table 5. The 
first three are from the ASTM Specifica 
tion B73-29,'* while the other three are 
reported in the Weipina Hanprook,* 
p. S66. 

The use of a silver brazing alloy on 


326-s 


copper and the copper alloys results in a 
ductile, high-strength, corrosion-resist- 
ing The heat 

making connection will 
anneal 


connection used in 
the 
the 

though, in some alloys, part of the cold 
work strength may 
retained, The speed with which the 


usually 
copper alloy in the joint 


and hardness he 
silver soldering is accomplished deter- 
mines the amount of cold work hardness 
and strength retained in the finished 
The 


illoys of Group 9 are treated separately 


braze precipitation hardening 
later 

Nearly every form of heating, except 
the are, is used on one job or another 
to melt the silver alloy and heat the base 
metal 
numerous references in the 
the 


copper 


There are 


brazing with silver 


phosphor us 


literature to 


alloys and alloys 
of which the following are typical 
Van Nattan” writes a very 


metals 


complete 


discussion of base appropriate 


brazing solders, heating methods, fluxes, 


connection designs and appropriate 


application. Copper alloys are indi- 


cated as base metals and brazing solders 
Wirt" gives a brazing at 
Deleo-Remy Division of General Motors 
(‘o The Welding 


survey ofl 


socrety 


Amer ran 


Committee* gives compositions of 32 
brazing metals suitable for the joining 
of most commercial engineering 
noble base metals. Data on available 
forms and brazing 
quoted. 


and 
temperatures are 
Kriegel® discusses the use of the 
BAg-la silver solder on various designs 
of joints in copper, Everdur, Monel and 
other copper alloys. 

Weir and Webber”? report the silver 
brazing of 1237 (°/, OD x 0.049-in 
wall) deoxidized copper tubes into 48-in 
diam by */,in. thick steel tube sheets 
to make a 225 psi steam heating boiler 
good for an evaporation of 6800 |b per 
hour 
la in 
operation 
rolled 
The brazing provided ample strength 
in the bond the 
metals and eliminated much of the main- 
tenance trouble 

C. C. Natebaret?? 
silver with flux 
clamped edges heated with an oxy- 
torch. Mesh of 


woven per 


The brazing alloy was the BAg- 
Table 5 The 


eliminated a mechanically 


above brazing 


connection using steel ferrules 


between dissimilar 


used powdered 


solder mixed and the 


acetylene extremely 


fine wires 76 inch was 
successfully joined 


R. J 


carbon-resistor jaws electrically 


Wensley** reports the use of 
heated 
to clamp the copper switch parts and 
heat until the preplaced silver 
solder This method wa itl 


bronze 


same 
melts 
factory with 
but difficulty 
leaded brass due to the 
the lead 
to the film of aluminum oxide on same 
which is difficult to flux 

R. H 


discussion of silver brazing allo 


brass ind steel 


+} 


was expel enced 


sweating out ol 


and with aluminum bronze due 


Leach® contributes genera! 
ind 
procedures with a brief survey of the 
literature. C. F. Zappone* gives ar 
excellent summary of the methods used 
in silver solder brazing current in 1940 
R. L 
silver brazing by resistance heat pulse 
which work so rapidly that the hard 
copper is not appreciably soltened 


Briggs” explains a method of 





Table 5—Typical Silver and Hard Solders 


; 
on 


Zine 


fom po 


Silver ¢ opper 


10 52 


4 


BAg-la 


Phospho us 
BCuP-5 ; 5 


BCulP-4 


admiim 


He mark 
For silver br 
steel, et 


Solid is Liquid ia 
R20° 70° ¢ 
(1510° F (1600 
695° CC 775 
(1280° F 

740° C 
(1360° F 
627° C 
(1160° I 


iZing 

For general silver 
brazing 

For 


1425 

7TU5 
(1460 

635 
(1175 


silver br 
copper 

For 
temperature 


general 
ver brazing 


Mo"? Cc 7s ; For brazing 
(1185° F 
743°C 
(1370° F 


per only 
For brazing 


F) 


per only 





Hool We lding of ( opper 
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spread 


Robins” 


application ot 


reports the wide 
silver brazing 
to war equipment manufacture, as 400 
brazed parts in an airplane and several 
hundred in a single torpedo, with eight 
miles of silver-brazed piping on a shi 


} 


ind nearly all tungsten-carhide tox 


silver brazed to the shank 

G. 3 
design of joint for silver 
tubes and thick shells 

H A. Smith and P \ 
analyze design factors, procedures 
et The 
ime to strength of silver brazed 


Sohn™® discusses the pro 


brazing sheet 


Koernet 


erator qualification 
steel obtaining an aver ige shear 

n the solder of 43.200 ps 
designed for 35,000 psi. The 
the oxy-acetvlene 
method of heating 

Christie and Setapen® discu 
testing of silver 
ittention to require 
standard test procedure 


spection and 


oints, directing 
ments for 
is given to such variable 


hutt ear! il 


(Consideration 
l type ol joint as 


connectio! 


design ol complet 


considerations +) jigging 


P 


5) surtace 
5 fluxing 6 proot tests 7) brazing 
controls (s 


} ] 
mechanical 


tests after brazing, a sua 
pressure metallograp! 

though no actual tests are quoted : 

the case with Koerner’s 


J P \ eed 


cation of silver 


report 

an earl 

by the 

alter trying 
inducti 


’ describes 
brazing 
induction heating 
methods An 


heating is its higl 


objection to 

initial cost 

Bunte” gives a very complete resumé 

of induction heating methods for low 

ind high-tem pe rature brazing in ferrou 
The 


of the heating current may be 


and nonferrous metals 


generator 2 

3) vacuum tube 
et available for 30 k 
to 525 ke: tubes 400 to 500 ke 


Capacities of 7 kw in 


1) motor 
(,enerator 


Spurr 


generator 


ark gap up to 30 kw 
sets from 200 w to 100 kw 


and electronic 
In SIZE 

fits of induction heating are 

1) more heat in 4 given area v 


ontrol 2) greater uniformit 


sults, (3) greater production for a g 


floor 


MASS 


space 4) maximum econom 
production, (5) possible use o 
skilled labor Che lone objection i 


high first cost of the equipment in 


new field 
Brazing by Induction Heating 
J Pp 


data 


heating 


Weed?* and others give 
After the initial cost of ind 
equipment is absorbed 
omies in its use are readil 


strated (rise and Stewart 


it speeds uD 


production in tl 
facture of kitchen utensils 
20 kw, 450 ke R-I 
1500 sets of 
per 15-hr day, the 


generator 
Drazing H-piect 
itensils 


duced frem 8390 for 


JULY 


1955 


lor e induction method More 
with the latter method, workman 
witl 


like connections are obtained 


inexperienced operators while skilled 


operators are required for torch brazing 
Adams*® tell a similar story 


in making a silver 


Vernor and 
braze in 30 sec for 
carbide tips to steel shanks 


150 ke 


tungsten 
using 10 kw at 


Speed-Up Methods 


addition to the use of induction 


lver brazing, rotating 


ind moving belts are in use 

i production. Setapen™ 
use of a rotating table 

oxyv-acetvlene burner 
tes the brazing of ai 

id refrigerator p 

s with the 

both 


bronzes 


ON 
silver allo 


Tl ( We ding E ngines r‘ 


reports th 
from 4 
in a given job, with a 
that n 
eliminated The 
heat was obtained from an induction 
Anothe im the 
magazine in August 1944 tells of cutting 
the time of a different brazing job 
Kielb** tells of 


a gas torch in production 


reduction of the brazing time 
min to 40 se¢ 
uniformity in brazing such 
could be 


sper tion 


heater report same 
Iron 
7 to 12 min to 51 se 
uUsInNg 
brazing in 


scott’ 


preference to are welding 
cites the use 
n ti case using a phosphorous copper 


while of brazing 


brazing illo 
ind improved strengtl 


and Huff” diseu 


zing with standard ox icetyl 


with 
Jol nson 


tore} nore 


economy 
se automats 
ene torches and turntables or conveyor 
helt The mention practical ippilca 
tion Another 
1950 ue of the 


October 


article in the 
Welding 

reports that turn-table brazing 
duetior were responsible 
euttu 


the man 


neating 
gy one-third off the brazing co 
ufacture of 5OO.O00 door re 


aque method of heat ne to 


reported in the 
the parts to hye 


hottle are heated to 


radiant heat and | Ze" 
per with 
nelted by resistance heat 


preplaced Hrazing 


im pot welding electrode 


Brazing Precipitation Hardenable 
Copper Alloys 


The ter brazing thy 


y 
| ible 6 


rom that employed in br 


nnique of 
7, S and 9 of 
}grouy of coppel 
cleaning of the 
0 same must 


are in order te 


oxidation of the metal in the hez 

¢tave before the brazing flux or the 
Its and flows 
made up of 


dditions of a fluoride 


nto piace 


ing’ “ail mie 


fused 


VV elding old oppe 


replac ing soft soldering 


WW elding 
/ 


prazed 


solders) mixed into a 
thin paste are usually satisfactory. 
Powdered brazing alloy mixed with the 
flux provides a coating of the solder the 
its melting point is reached. 


| } 
iower meiting 


nstant 


Once the faying surfaces are coated with 


the brazing alloy, the danger of oxidi- 
zation is largely eliminated 
Setapen and Warren® report success- 


ful silver-alloy braging of beryllium 


copper without seriously affecting age 


aras 


gation 


( 


precipitation hardenability. Rich- 
na much more extended investi- 
starts with a chemical cleaning 
f the metal using first 20% sulfuric 
icid at 150° F until black seale is off. 
bright dip in 25% nitric acid 15 
Rinse in hot water and dry. 
Then clean mechanically immediately 
ng for the brazing operation. 
ise the BAg-la solder or silver- 

itectic alloy and braze as 
quickly as possible in order to retain a 
good share of the 600° F precipitation 
hardenability Generally speaking, the 
brazing should be done after the solution 
heat and quench and before the pre- 
cipitation hardening heat. 


Rinse 
to 30 sec 


hefore flux 
Should 


copper ¢ 


Brazing with Silver-Phosphorus- 
Copper and Phosphorus-Copper 
copper- 
coppel alloys their 
| of usefulness in the brazing 
and the high copper brasses 


high phosphorus, 


have 


or less of zine, Groups | and 
Pable 3 only 
intage in using these alloys 
he phosphorus in the brazing 
| deoxidize copper on which it 18 
Lusing exceptionally good sur- 
ng with it. These phosphor- 
brazing alloys will not ereep 
rea between overlapping sur- 
either the soft solders or the 
or indeed, the bronze braz- 
Hence, more attention must 
the fillet at the edge of the 
necessary for soft solder 
phorus-copper brazing alloys 
irther limitations which must 
1) The brazing alloy 
used on steel and (2) its 
rules it out of a joint that is 
mpact oF bending stresees 
e limitations considered, 
aids in 


become valuable 


per 


Joining Copper Bus Bars 


isually complete study was 
on the brazing of 
in. bus bars assembled to carry 

' An overlap of 1'/, in 
heet of 0.010-in, BCuP-4 alloy 


nt, clamped and heated with"a 


(,oeller 


pertect electrical contact 
trength 

used copper-phosphorus 
ther unique manner in @ 


eld with the carbon are.in 


327-8 








1/.- x 4-in, copper bus bars at the Wilson 


Dam. In four years’ service, no trouble Table 6—Representative Copper-Alloy Brazing Metals* 


was experienced in heating of the joint 
Velting 


or in ite mechanical strength / 
lemp ( Approx compn., € Remarks 


a Vark or name 
The reviewer suggests that a copper 


Spelter solders HH 2 5O copper Yellow bronze in lump 
1620” F 5O zine? ranulated or finel 
£ 
powdered form 


welding rod with the inert-gas are would 
make a more satisfactory butt joint 
Falgner™ gives a rather complete sur- Naval 


brass, Tobin BAH 57 copper Free-flowing, yellow-bronze 
vey of the silver soldering of pipe 


Bronze, ete 1625° F 0 50 tin welding rod 
copper bus bars, tungsten carbide tools Remainder zine 
ete Manganese and low 871 56 copper Low-fuming, yvellow-bronz 
A rather complimentary view of silver fuming bronzes? 1600° F 0 85 tin plus iron, welding rod, having hig! 
soldering was published by Clason” in silicon, manganese strength in braze welding 
deseribing the silver-brazed plumbing Remainder zine 
With Nickel bronze 921 18 copper Low-fuming, high-strength 
1690° F 10 nickel white-bronze welding rod 
0. 10 silicon 
Trace of phosphorus 
temainder zing 


in the Lustron packaged homes 
a free choice to select any type of con- 
nection, the designers selected silver 
brazing as offering the most convenient 
the strongest, most ductile, most cor 





rosion-resisting joint available for cop 
per tube plumbing installations * Other copper alloys which melt at higher temperatures are also used for brazing 
eg., pure copper melting at 1981° F, and cupro-nickels at still higher temperatures 
Brazing These, however, are used on ferrous metals and are unsuited for use on the copper 
base metals of Table 3 
Brazing at Temperatures of 871° C (1600 F) to t Part of the copper or zine may be replaced by tin to reduce the melting point 
954° C (1750 F. 1405° F, or by nickel to obtain a white metal 


tA small fractional percentage of silicon in the welding rod helps to keep 


Phe Weiping Haxpwook? describes zine vapor Henee, the name “low-fuming” for such rods 
a braze as being the use of a nonferrous 
filler metal having a melting point above 
127” ¢ 800° I) on base metals having 


melting points well above that of the 


teross the joint The designer should In addition, the moderate t 


take advantage of the distribution of the tures employed in braze welding 


bronze in the joint as (1) above or (2) most cases, harmless to the base meta 
J 


given filler metal. This definition in ihove or wherever possible, both as a oceasioning little distortion. Moreover 
elute . silver by Ziti which has been 
treated separately above We restrict 


the unmodified term “Brazing” to a 


hard solder and as a strong fillet or there are many connections in which the 
filler metal. Soft solders can rarely braze weld is the most economical me 
ln used a m (2 ibove Decne of then thod of oOmMming Figure 2 illustr 


" i we : ve fel ' 
a ares r temperature rangs weakness to — tensile tress. Silver application of braze welding in tl 
OW lg commercial practice mn this me solders nre rarels usec is inh 2 above toration of ik broken cust 


spect raze welding, formerly called 
Bronze Welding i the use of the 


bronze filler metal in an open vee or 


because of the high cost. roughly 20 sprocket This repair quick 
times that of the bronze, and because developed the full strength « 
they are not as strong in direct tension and saved six weeks of idle 


Braze-Welding Field Seapayer Gpetere Sad The us 


necessil to cast and no 


fillet rather than its bemg drawn be 
tween overlapping surfaces by eapillar 
attraction, as | oft solder and silver Though the temperature range, 1600 
wokder to 1750° F, noted in Table | and above 


In this review ve tuke cognizance ol is rather narrow the process itself is one 


| ron ket 


“ Brazing as a Repair Tool 
practical chissifieations leaving gaps i of the most versatile of all of the joming 


the temperature seale which have littl Processes Applicable to all of the Numerous examples in the lite 
real meaning For example, in using copper allovs of Table 3 with the ex bring out these points The We 
copper tubing for plumbing, the designer ception of Groups S and 9, it ts also Engineer™ reports a successtu 
has a free choice as to whether he shall ipplicable to nearly all nickel illoves 15-ton cast-iron rolling-mill f 
employ soft soldering, silver soldering and nearly all cast trons and steels It is braze welding Four hundred 
phosphoru copper or vellow bronze not emploved on the aluminum, mag of bronze welding rod were 
brazing ach has its advantages and nesium, titannum or the white metal die the oxv-acetvilene torch to 
disadvantages but = the installation casting alloys It s an invaluable mill to operation The 
should give equally good service which repair or maintenance tool At the ind cost of a new casting mad 
Ver Process Is used same time, it has man vivantages as A worth while A similar cast 
The Werntpinag HaNpnook p. O12 production tool, particularly in indus weighing 3 tons and belonging 
gives a very complete listing of the tries based on sheet steel, as the metal heading machine, was broken 
brazing processes, the various filler furniture industry of 125 tons repeated 70 times per 
metals with many com positions ol same rhe reasons for t! widespread se \ braze- welded repair in S fil 
and appropriate base metals. This is involve the properties of the bronze of $60 saved the $1100 cost 
too long to introduce here Instead tlloy itself as 1) the ready surface ensting 
the much shorter table of copper-alloy allovability of the molten bronze with Walker” gives an exposition 
brazing metals given by Imperati’ is the hot base metal, (2) the low vield use of the oxy-acetylene tor 
reproduced in Table 6 point and high ductility of the hot bronze welding rods for keep 
These braze welding rods are usable solidified bronze which enables it to machinery in needed repairs 
in most applications as hard solders absorb shrinkage stresses without harm ments on the economy in time 
whieh (1) will be drawn by eapillary to itself or to the base metal, (3) the and over-all costs 
attraction into a joint which has over high strength and good ductility of the Keller*! tells of the braze we 
lapping surfaces, and (2) also as a filler bronze filler metal after it is cold and cast-iron column, 8 x 10 in. i 
metal in an open vee or as a fillet with 4) its good corrosion resistance as well belonging to a shear frame 


ample strength to transfer stresses as its good wear resistance acetylene torch, burning 870 cu f 
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yegen and ( ! ited roi u 1 as a metal are electrode 


ind melted complete with cost and 


filler rods in | oma” oO Longo.” on the other 


(arte! reports the braze wel port good success with phos 


Dud up worn locon 


Another t 


irbon 


Kenefi 
eript 


ecomot ( 


Brazing as a Production Tool 


Phe raze weld 


ug 
iter Dp 
belt 
om| 
thron 


(MM r VO.OO0 


vhile Hawley 


strength of the bonding plane, 
cast) iron The cost was 
iunchor. The brazing heat 
the cement pipe lining only 


manufacture and maintenance 
machinery, braze welding, 


te 


hed by Jones, improved the 


he Monel metal launders and 


ish-wear on clothes. 

gives an extended discussion 

tions of brazing to the manu- 

products from light gage 

' discusses auto- 

ications of the oxy-acetylene 
hie 

| Rosenthal’? in a very 

eview of the literature to 

“44 (foreign literature to 

O41) on the welding of dis- 

etals, present an illuminating 

n Parts TT and LV of brazing 


copper alloys, one to 


to ferrous metals Too 
suoted in detail here, one is 
ded to look up this reference 
estigating the problem of a 
between dissimilar metals, 
the most important recent 


nent in brazing has been the 


itile flux drawn in through 
ene line his has been es- 
tluable in the manufacture of 
ture and other products made 
t metal, toreh brazed, Its 
n (1) the elimination of flux 
the rod and stopping to cont 
tal with flux, and in (2) the 
of the troublesome flux 








Table 7—Copper and Copper Alloy Welding Rods and Arc Welding Electrodes 
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Phosphorus Nickel 
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lron 
O55 
O5 
ho phoru 
0 20-0 40 
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O4F04 20 min 
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0 25 ae | 
lron \/uminum 
6-4 
oe 
11-12 
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Values 
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0 acetylene, carbon-are and 
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glass which clings to the finished braze, 
making an expensive cleaning operation 
before the work can be painted. The 
vapor flux is drawn into the gas line and 
blown through the flaming nozzle in 
sufficient quantity to flux the base metal 
and the bronze. However, the residue 
of flux on the finished braze is so thin 
that it is cleaned off readily and does not 
interfere with the painting of the base 
metal, 

Swift’ shows that, with oxy-acetylene 
torch and fluxing equipment costing 
only $250, metal furniture may be 
assembled and brazed in a production 
line. He calls attention to the fact 
that ‘there is no flash or weld spatter to 
worry about; the flame-fluxing leaves 
no heavy beads of borax glass to be 
removed; the low 
quired for braze welding minimizes dis- 
tortion; the low fuming bronze shows a 
weld strength on steel of 55,000 to 
65,000 psi; exact fit-up is not required as 
the bronze will fill up gaps.”’ 

Swift and Brown’ comment on pro- 
duction jobs of various sorts using braze 


temperatures re- 


welding to join sheet steel in the manu- 
facture of furniture, lawn mowers and 
other equipment made of sheet steel 
and tubing. They illustrate one appli- 
cation in oxy-acetylene 
torches, flame fluxers, low fuming bronze 


which two 


welding wire feeder work together auto 
matically to make 15 in. of fillet welds 
per minute. Another advantage cited 
is that the brazing may be done in any 
position 

Similarly, Raffone* 
joining of sheet steel and steel shapes 


discusses the 


to make a variety of beds, chairs, desks, 
ete., by spot welding, are welding and gas 
welding with emphasis on the last named 
method, using flux in the acetylene line 
and a low-fuming bronze welding rod. 
He remarks that the use of the ga» 
fluxer eliminates an expensive cleaning 
operation as a preliminary to painting. 

Maynard” reports a unique welding 
job he did on a 1400-Ib bronze bell which 
had cracked in service. The bronze, 
82% copper plus 18% tin, was pre- 
heated to 600° F, metal are welded 
(probably with phosphor bronze elec- 
trode) at 275 amp and cooled slowly 
Returned to the church tower, the tone 
of the bell was found to be restored, and 
it could be heard at a distance of three 
miles 

Brazing in the automobile industry is 
discussed by Jacobs” who finds that with 
the oxy-acetylene torch and gas fluxer 
such results are secured as: (1) fast 
operation, eliminating postbrazing 
cleaning, (2) a lower temperature than 
fusion welding in automobile repairs, (3) 
reduced distortion, (4) applicable to any 
position and (5) savings up to 40% 


Brazing of Pipe and Tubes 


Brazing is applicable to both ferrous 
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and nonferrous pipes and tubes. Kil- 
burn’”® tells of numerous plumbing in- 
stallations made in England by braze 
welding. Since the bronze has ample 
strength, better than 50,000 psi for 
the low-fuming bronze, to carry stress 
across a connection, recessed fittings are 
not absolutely necessary as in soft 
soldering or silver brazing. And poor 
fit-up can be bridged if need be. 

The bronze can be applied to con- 
nections in copper tubing, red brass pipe, 
galvanized iron pipe and cast-iron pipe. 
The strength of the joint in cold drawn 
copper tubing will be that of light an- 
nealed copper adjacent to the joint, 
the bronze filler metal being much 
stronger. The corrosion resistance gen- 
erally is good 
welded, cast-iron pipe buried in the 
ground, the iron becomes anodic to the 
bronze but, owing to its large area com- 
pared to that of the bronze weld metal, 
the electrolytic wastage of the iron is 
very slight. Moreover, the cathodic 
bronze develops a film which further 
resists electrolytic Sprara- 
gen and Chiswik® published in 1942 a 
searching review of the literature on the 
corrosion resistance of welded joints, 
with brief mention of welds in the copper 
alloys having generally 
performance. 


Brazing Galvanized Steel 


In addition to the joining of plain 
sheet steel for a thousand and one ob- 
jects which are to be protected by fur- 
ther operations, as phosphate dip, 
painting, 
large tonnage of steel sheet and ferrous 


In the case of bronze- 


currents 


satisfactory 


plating, enameling, ete., a 


castings are protected by galvanizing 
in the steel mill, foundry or factory. 

In making connections on such ma- 
terial by 
fuming bronze and the oxy-acetylene 
torch with or without volatile flux 
through the gas line has been used. As 


brazing methods, the low- 


explained by Galbraith,” when properly 
done with a narrow flame and rapid 
action, little, if any, of the zine is evapo- 
rated along the joint 

However, the literature shows quite a 
few examples of the use of the carbon 
are and a copper-silicon alloy as the 
added metal. Eckberg and Gaylord” 
take the further precaution of coating 
the silicon bronze with tin. By the 
carbon are method, a sharply pointed 
carbon is used with the are held strictly 
on the silicon bronze weld metal. The 
steel is not fused. The connection is, in 
effect, a braze. Tuft'! used the carbon 
are and Everdur silicon bronze to manu- 
facture small ship models of steel in 
thicknesses from 0.066 to 0.105 in. 
for test in the Taylor Model Basin. 
He remarks that such “brazes’’ had 
satisfactory strength and ductility and 
were easier to make, though somewhat 
inferior in strength, to helium protected, 
metal-are steel fusion welds 


Hook-— Welding of Copper 


Simkins™ had a still different ap- 
proach to the problem of connecting 
galvanized steel. In this case, the 
steel was No. 11 gage galvanized used 
to make a 36-in. diam foundry ventilator 
stack. He used shielded, 
bronze metal are electrodes 


aluminum 


Brazing, Braze Welding, Conclusions 

Judging from the numerous references 
in the literature, brazing, including 
braze welding, is a very versatile proc- 
ess adaptable to sheet metal and tubing 
as thin as 0.015 in. thick and to sections 
in cast iron or steel as large as 50 sq in 
or more. 

Surfaces to be brazed should be clean, 
free from graphite, grease and dirt 
Borax base fluxes are commonly used 
Vapor flux introduced 
acetylene or fuel line (never through the 
oxygen line) dissolved in 
alcohol, or methyl 
Vapor flux is satisfactory for thin sheet 
steel, but for heavy sections additional 
flux will be needed. 

Advantage should be taken of capil- 
lary attraction wherever possible to 
draw the molten bronze between over 
lapping surfaces. Maximum strength 
with a minimum amount of bronze, is 
thereby obtained. 

Bronze surfaces offer good corrosion 


through the 


water-tree 


borate, is used. 


resistance and good wear resistance and 
can be applied by the oxy-acetylene 
torch, the carbon arc, the metal are and 
the inert gas are 


Copper-Hydrogen Brazing 
1094° C (2000° F) to 1261° C (2100° F). 


There are in the literature numerous 


references to the furnace’ brazing 


of steel in an atmosphere contain 
ing a desired 40% or more of hydro 
gen. Oxygen or air is, of course, ex 
cluded from the furnace atmosphere, as 
they make explosive mixtures with hy 
drogen. This joining process is in a 
narrow temperature range well above 
the liquidus temperature of copper and 
most copper alloys, and well below the 
solidus temperature of cast iron and 
steel. It 
because of its unique position in the 
temperature scale and because of its 
important commercial applications 

Jevons™ has an historical approach 
to copper-hydrogen brazing, citing the 
early British Patent 5232/1910 granted 
to A. C. Hyde of Wolverhampton in 
1910. The process was slow in getting 
started, using a hydrogen atmosphere in 
a high-temperature, 2050° F, furnace 
partly because of the slowness in secur- 
ing a satisfactory furnace and partly 
because of the explosion hazard of hy- 
drogen and air (oxygen). The first 
industrial use of the process was in 
1933. 

Steel may be heat treated or vitreous 
enameled after being copper-hydrogen 


is given separate mention 
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brazed. This is not possible ilter 
silver brazing or after brazing with the 
vellow or white bronzes 
C. Rhyne, Jr.,*! reports a very con 

plete investigation into the strength of 
copper-hydrogen brazed joints in SAI 
1010 and 4130 steels for aircraft appli 
Effects of (1) area of bond 


2) finish of surfaces, (3 


cations 
clearances iM 
tween mating members; (4) protective 
brazing) atmospheres; (5) time of 
brazing; (6) parent metal 7) heat 
treatment after brazing; (8) contamina 
tion of brazing; (9) diameter and thick 
ness of tubular members; (10) misalign 
ment of members 

The joints were brazed with copper 
wire at 2050° F in a reducing, dry, gas 
atmosphere free of CO heating-to 
cooling below oxidizing 
The individual effect of the above vari 
ables is shown in 14 tables too long to be 


Ixcellent 


temperature 


reproduced here graphical 


representations and photomicrographs 
are given. An over-all summary indi 
cates that (1) SAE steel tube joints 
copper brazed, may be designed to fail 
at a stress above 30,000 psi for a wide 
range of finishes, clearances, fits, diam 
eters and wall thicknesses; (2) that the 
vield strength of the parent metals have 
much influence on the strength of the 
joint Thus 
be designed for shear strengths of 25,000 


joints in 4130 steels can 


lower 


psi minimum, whereas the softer 


vield strength) of 1010 steels will de 
velop joint strength of only 17,000 psi 
minimum unless the metal is made ey 
cessively thick 

Tvylecote™ 
investigation 
0.002 in. for in. rod and 0.005 in 


made a somewhat similar 
finding a clearance of 
for '/,in. rod to be optimum, with time 
brazing not critical. He found no 
mprovement. as a result of a solution 
heat treatment and aging 
An excellent discussion of the proces 
given in the Wetpoinc HanpBoor 


I 504 
Various 


under Furnace Brazing 


types ol itmospheres ind 
methods of loading and unloading the 
Kelley™ investi 


furnace are described 


gated copper brazed joints in four 
teels having carbon 0.12 to 1.05% and 
found that the strength of the joint 
paralleled that of the parent metal as 
the latter property was varied by heat 
treatment Kuhlmann™ obtained gen 
erally good results in samples brazed in a 
continuous furnace using an atmosphere 
of dissociated city gas, different brazing 
times, fits, etc 

Peaslee and Boam*” 
unusually thorough 
brazed joints looking toward a braze 
that would withstand high service 


temperatures, in a turbine compressor 


reported an 
investigation of 


forexample. Test specimens for testing 
in tension, shear, impact and penetra- 
tion were brazed in an electric furnace 
usable up to 2300° F in an atmosphere of 


dry hydrogen gas having a dew point as 
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Fig. 1 Phosphorus deoxidized copper 
vessel, having 1'/,-in. thick shell, being 
welded with the inert-gas, consum- 
able-electrode method using copper- 
tin-silicon-manganese wire. (See 


references 102, 108 and 112) 


low LOO Used as 
(1) Oxygen-free 


brazing 
coppel 

15% Manganese and 
‘ loy of composition 0.45 carbon 
1.50 silicon, 15% chromium 100°, 
iron, 3.75% boron, and 72.30 nickel 
The base metal was AMS steel No. 5770 
0.45 C, 1.50 Mn, 0.65 Si, 20.0 Cr, 20.0 
Co, 4.0 Mo, 4.0 W, 4.0 Cb 
he They note difficulty in copper 


remainder 
brazing steels having more than 0.5% 
chromium or which are high in alu 
minum or titanium in a dry hydrogen 
atmosphere 
\ i result of their se irching test 
reject the coppel and the s e! 
nganes¢ brazing allovs for service 


mperatures above SOO | at 


' vhich 
butt tensile tests efficier 


temperature 
cles are respectively, 61 and 37‘ 
The brazing alloy of (3) above, on the 
other hand, starts with an efliciency of 
90°, at room temperature and has 100% 
efficiency at all 
1500 | 
unbrazed base metal at 2000° | 

This last is surprising, as it hi 


temperatures ab 


being as satisfactory a 


tidus temperature of only 1850 
The n 


D1 ii 


estigators explain this anomol 
ing that this brazing alloy ind the 
No. 5770 are mutually soluble. Henes 
the br diffused into the 
base metal at the brazing temperature 
of 2150° | This fact inhibits pene 


tration ¢ 


iZing alloy ha 


if the brazing alloy to the same 
extent that copper will penetrate It 
also explains the high temperature head 
Acrylic resin 
holding the 


) 


powdered brazing alloy of (3) 


used for speedy brazing 

is a suitable binder for 
above in 
place with no interaction with the meta] 
hydrogen 

Perhaps the near ultimate in copper 


or the dry 


hydrogen brazing is detailed by Giroux*® 
in which 120 different, variously shaped 
parts of steel weighing a total of 14'/, Ib 
are assembled and copper-hydrogen 
brazed to make a four-cylinder engine 
block for a light automobile 


Hook—Welding of Copper 


Fig. 2. Braze weld on conveyor drive 
sprocket using oxy-acetylene method 
and low-fuming, high-strength bronze 
filler rod 


Fusion Welding of Copper and 

Copper Alloys 
General. Fusion welding of copper 
ind copper-alloy base metals must, of 
accomplished at tempera- 
ve the liquidus or within the 
range SS5° C (1625° F) to 1261° C 
2300° J These are all nonpressure 
welds with the exception of resistance 
butt, spot, seam and stud welding, The 
common fusion welding 
methods are oxy-acetylene, bare metal 
irc, shielded metal are, inert gas metal 
re, carbon are The inert gas metal 
r the copper alloys employs helium 


course I 


tures abo 


hnonpressure 


on gus or mixtures of these two 
Phe process is further divided 
nert gas tungsten (noncon- 
clectrode metal are, or (2) 
consumable alloy 

In designs where a 


copper 
metal are 
on is desired having the proper- 
innealed base metal, a filler 
generally available. 
44 of the Wenpinc Hanp- 
in excellent survey of weld- 
vis for the copper alloys as they 
ilablein 1949 
Kugler in Chapter 32 of the 
ACS Monograph “Copper” brings us 
ip to date, January 1954, with welding 
es and applications summarized 
Irom i¢ relerences 
Phe above two references are too long 
in detail here. The designe: 
refer to them when in 


to revie 
should, however 
doubt us to a particular application. 
Phe various fusion welding processes will 
be discussed briefly below as they apply 
to each group from Table 3. 

Che ory-acetylene is the oldest estab- 
lished method of fusion welding copper. 
The Review of 1936 cites the fusion 
welding of copper as early as 1912, 
1915, 1917, 1927 and others. The oxy- 
acetylene process is still used and im- 
provements have been made since 1936. 
The following citations will illustrate 
the fact 
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Fig. 3 Chemical vessel of copper-silicon-manganese alloy welded with the inert- 
gas, tungsten-arc method and copper-silicon-manganese alloy filler rod 


As will be noted from Table 3 (a) 
the oxygen-bearing tough pitch copper 
is in one class as regards fusion welding 
while the (b) oxygen-free or deoxidized 
copper is in another class, This distine 
tion i 
literature ind in numerous other 
places It is very important in oxy 


acetylene fusion welding operations 
(though not at all important in soft 
soldering, silver soldering and not too 
important in brazing) 

( I. Swift and the writer” in an ex 
tended research on the welding of toug 
piteh and deoxidized copper, found 
decided preference for the latter, as did 
Vreeland Cook and Da 
prehen ive investigation 


sure that 


ina com 
were equall 
phosphorus - deoxidized 
copper base metal wa more weldable 
than tough piteh copper inp both the 
irsenieal (O.40%, rsenic in base metal 
onl ind nonarsenical ui idles The 
used the 1Y, 


fJenelits from the 


er-copper welding rod 

ubstitution of phos 
phorus-deoxidized (phosphorus 0.05 to 
oo’ yen-bear 


, hbase metal for the ox 


ing base metal were tnproved weld 
bility in the 
welded seams of umd” in, thich 
noted also that 


ol pho phoru would ras 


trength and souncdnes 


copper plate The 
either arsent 
the annealing temperature of copper 
Young” also concluded that the de 
oxidized copper was more weldable than 
though, in his 


oxygen-bearing copper 


investigation, the carbon are and phos 
phor bronze welding rod was used and 
not the acetylene torch, as was the case 


with the other researchers 


The objec tion to the use of oxygen 
bearing tough pitelh copper has been 
ex plained many tine he free hydro 
ven atoms ina gas fame will penetrate 
several thousandths of an inch below 
the surface of red hot copper to react 
with cuprous oxide present in the copper 
steam This high 


to form pressure 
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brought out repeatedly in the 


steam makes surface cracks in the heat 
weakened copper West'! gives an ex 
cellent exposition of this reaction with 
photomicrographs of the damaged cop- 
per. The filler rod for deoxidized cop 
per base metal should also be deoxidized 
to improve the soundness of the weld 
metal 

An extensive research in the labora 
tory of The American Brass Co, resulted 
in the development of a proprietary 
illoy containing tin, and deoxidized with 
Ihis filler rod 


developed originally for the oxy 


silicon and manganese. * 
acety 
lene and the carbon ar Processe has also 


{ 


found widespread acceptance for use in 
inert-gas-shielded ar 

This (Ee RCu) and other filler rods are 
tabulated in Table 7, which is abstracted 


from the tentative peciheations tor 


copper and copper alloy fille: 


electrodes issued jointly by the Am 


Society for Testing Materials 
AMERICAN WELDING SocIeT) 


Important Similarity and Distinction 


It may be observed that the R 
welding rods in the copper-zine 
fication of Table 7 are identica 
last three alloys of Table 6 The 
for this is rather important: Ther 
Table 6 and the “R Copper-Zin« 
of Table 7 are brazing metals for 


the copper alloys in Table 3 includis 


85/15 red brass and other brasses ha 


less than 15°, zine But for brasses 
having 30 to 42% of zine, the ure 
fusion welding rods and are unsatis 
factory as brazing rods. The hig 
zinc brasses, naval brass, Muntz metal 
and manganese bronze used as base 
metals should be melted simultaneous 
with the addition of the filler metal 

In selecting an appropriate welding 
rod from Table 7 to use on a base meta! 
of Table 2, the normal procedure would 
be to select a rod of the composition 
which is nearest to that of the base 
However, this does not in 


eases bar the use of a different rod 


metal 


electrode or welding process 

While the oxy-acetylene tore! 
oldest method of welding copper, it 
been largely superseded by the inert-g 
are. These newer methods are 
likely to have hydrogen in the flar 
that the tough pitch copper is not 
to be as severely embrittled a 
be in an oxy-acetyvlene or oxy-hyd 
flame. And the intense concentra 
of heat in the are enables the op 
to make a PASS SO Gut klyv tl 


minimum opportunit 


Fig. 4 Hot water storage tanks welded with inert-gas, consumable-electrode 


method 


Hook i elding ote opper 
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\ one . ' a 7 : - 
Fig. 5 Weld in ' »-in. thick copper-silicon-manganese Fig. 6 Micrograph (X 75) of the weld of Fig. 5 at junction 
alloy using the inert-gas, consumable-electrode method. of weld metal (top) and original base metal (bottom) 
Macro, X 4. Copper-silicon-manganese alloy wire. Full 
strength developed in the weld 


oxide-copper eutectic to collect at the metal. These rods would have com ire and considerable spatter to a spray 
grain boundaries positions within the limits of ERCu of of extremely fine droplets, which are 
This fact led Chyle® to suggest that Table 7 projected from the end of the electrode 
electrolytic tough pitch (oxygen-bear In the above method of are welding in the direction in which it is pointed.” 
ing) copper may be used in copper weld helium or argon gas-shielded, noncon Phis point was investigated further by 
ments as an equivalent of deoxidized sumable, tungsten electrode, the ele« Muller, Greene and Rothehild' who 
coppel trode must be an appropriate size for noted a ‘stiffness’ in the metal spray 
However, most authorities do no the thickness of the base metal and the it high current densities giving it ex- 
agree They have found that size oof the filler rod The nozzle cellent directional control and enabling 
better weldability and greater reliabilit) must be cooled, preferably by water the operator to weld in any position. 
of the phosphorous deoxidized copper ind a reasonable amount of skill exet Robinson and Cook" report an im- 
makes the latter preferable for such cised by the operator. Figure 3 illu portant advance in the inert-gas con- 
important copper weldment ' s the use of the inert-gas, tungsten unable metal electrode process in the 
pressure vessels, chemical equipment © make sound, high-strengt! ise of stranded electrodes where the 
Figure | is a vessel of this ‘lds in silicon copper alloy plate rands are different metals. As is well 
in. thick deoxidized till newer method of using inert wh, it is commercially impracticable 
velded with the inert y hielding is with a consumable om certain alloys into wire, e@.g., it 
gas consumable-electrode proces | clrode fed automatically into the ar would b irtually impossible to draw S 
electrode is of the ERCu type of melted. Several different ce copper » tin into wire, while S85 


ri yparatus are deseribed in copper 15 zine draws readily into very 


reported, 1 } | ad i rature NIuller Cribson Te ! il On the other hand, most ele 
ecture. a very thorough investi 1! per nnounced the use of an O mel metals are duetile. Hence 


‘ ins of the ay 


the welding of copper relin T atic travel head and an on ‘ desired weld deposit may be made 
to the manufacture of rede i whine | nozzle for feeding a flexible w randing together wires of the ele- 
vere lined with welded ypper op etrode through the helium o rgo To lovs having the needed areas 
thicl Some of the more pointed ro gas into the are which spring 0 d the desired proportions As 4 
onclusions reported in this leetur or t| melting wire to tl | ractical result, the elements in’ the 
| The pure tungsten (nonconsum ! il, which is melted at the same tim differer ires in the high temperature 
ible) electrode preferred to tl hor ’ ries of 12 references, the ; f tl ive and in the extremely small 
ited-tungsten electrode for the ert-g f l¢ opment of the process fror ! lropl ittain a state of homogeneity 
velding of copper. The latter resu ; vork of Doan ind others fro veld metal better than that of a 
deep undercutting ol the parent rv HO i vy having the same composition 
2 Helium w preferred to argo r and associate remal hat Robinson and also Lewis and Stirn'” 
the shielding gas. T hig 106 pre ically sound as it patented composite stranded or wrapped 
oltage required in the ‘ im compl by fluxes, slags CH odes which would give a deposit by 
ind its hig 1) heat as compared reactions ¢ molecular y hielded metal are method of a de 
to argon are dvantage ' ersed polarity effec d composition such as could not be 
3 Direct current wit ing j 1 he surface oxic i sbtained in a single commercial rod or 
electrode negative (straight polar from erater Moreover, the 
preferred to alternating curret! ol I ery efficient witl or the copper alloys, the minimum 
direct current with reversed polar ( on of brass wire which lose I current density for the fine spray is 
$. Tough pitch copper, phosphorous by evaporation in the are rather high, being of the order of 100,000 


deoxidized copper, and OFHC copp mportant point they bring ou imp per square inch. Henee, small di- 


are ruled out filler rods. while tl bove a certain minimum curret imeter electrodes around '/\¢ in. are used 
having tin. silver and ilicon ( itv, which varies with both size and forthe most part. In turn, this means a 
veceptable, having wel ng ial of the electrode, “the transfer high burn-off rate of the order of 20 fpm 
ductilities comy iI nigel rough the are changes from large Hence, even though the are voltage is 
pitch and deox | copper as { ular drops with erratic action of the held constant automatically, the ele 
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Fig. 8 Micrograph (X 75) of junction of weld metal (fop) 
and base metal (bottom) of Fig. 7. Note the columnar 
crystals of the weld metal and the equiaxed grains of the 
original base metal with a zone of fine-grained recrystal- 
lized metal between 


Fig. 7 Intert-gas, consumable-electrode weld in */;-in. 
thick aluminum bronze (92 copper, 8 aluminum) plate using 
aluminum bronze wire. Note general soundness of the 


metal. Macro, X 5 


ment of skill is involved —especially in a 
manually held nozzle. However, ex- 
cellent results in terms of weld metal 
quality in the copper alloys is reported 
by the above and others 

Figure 4 shows the manufacture of hot 


water storage vessels made of # 


ie in 
thick copper-silicon-manganese — alloy 
plate. Welded with the inert-gas, con 
sumable-eleetrode arc, the welding wire 
is the same composition as the base 
metal It results in a high-efficiencs 
weld, Note that the directional effect 
of the high-intensity are enables the 
operator to make the weld in the difh 
cult horizontal position on the vertical 
surlaces 

Figures 5 and 6 sho 
copper-silicon-manganess illo Note 
the soundness of the metal and the 
perfect diffusion of weld metal to base 
metal 

Conway™ call ittention to the 
patent of H, M. Hobart in the early 
1930's on the use of helium for welding 
Ihe hotter are of a given length in 
helium over that in argon is due to the 
fact that the voltage across the are in the 
former is 40°), higher than in the latter 
lhe energy is proportional to the voltage 
lor a given current 

Robinson and Berryman'™ give a 
further and more complete investigation 
of the use of the inert-gas, consumable 
electrode metal-ar¢ process in welding 
ten copper alloys in thicknesses from 

«» to 1l'/, in. Electrode wires of alu 
minum bronze, silicon bronze, phosphor 
bronze and deoxidized copper yielded 
welds of good commercial strength 
ductility and soundness without ex 
ceptional skill on the part of the oper 
ator 

Yaczko™ explains commercial appli 
cations of the process calling attention 
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to difficulties in joining -verdur to steel Wooding'" also reports L. J. Weber as 
cracking in the weld crater). De having in 1926 tried welding in helium 
posits made with aluminum bronze atmosphere reporting his work in Tran 
electrode wire were less likely to crack Am. Soc. for Steel Treating, XI (1) 1927 

Rockefeller and Herbst'” explain a He also notes that high current densitic 
welding process using the inert-gas are of 40,000 to 70,000 amp per square in¢ 
and the consumable electrode auto- are needed for stable metal are in inert 
matically fed into the are tocke gas atmosphere with electrode. positive 
feller calls attention to the fact that His work was done mostly on aluminum 


The use of inert gas has become a Tue WeLpiInG Journat! reports the 
major welding process in less than a welding of l-in. thick copper at Ansonia 
decade, i.e., 1941 to 1951 And it has Copper and Iron Works with deoxidized 


not only largely replaced other methods copper consumable electrodes ! 7 


but has permitted fabrications hitherto diameter using 470 amperes, 157,000 

impracticable for welding amperes per square inch, reversed pe 
Rockefeller notes that alternating ity, in helium-argon gas The burn-oft 

current is preferred for welding alum vate was 33 feet per minute with 5 passe 

nun, Magnesium ¢ nd aluminum bronze needed, including the root pass, to v 

with the tungsten electrode, and direct the 1-in. thick metal 

current for all other metals He calls 


THe Wetpinc JouRNal! 
attention to several benefits from the 


ttl ‘ another interesting job where 
“ee . , ras CO umabie ee ‘ 
_ le won — ” a speed tubing machine built by the ¥ 
trode process, thus . Co. for the Bridgeport Brass Co 

1. Eliminates flux and resulting slag 


the abutting edges by induction ar 
Particularly important in welding alu se 


proximity effect to make the longit 
minum and magnesium since most of the “ety: - 
( ith +] dinal fusion weld in copper alloy ske 
a soning a eg eam thicknesses from 0.025 to 0.134 in 
2. Characteristically higher current 
densities yielding deep penetration Jewell'* describes the first weldi 
narrow welds, smaller heat-affected large copper tanks by the use of 
inert-gas, shielded, tungsten are 
straight polarity He used '/,-in. di 
copper-silicon-manganese _ filler 
As a result of this work, he recor 


mended: (1) That welding be done ir 


zones and reduced distortion 

3. Rapid deposition results in re 
duced costs 

Wooding' gives an excellent survey 
of the inert-gas, metal-are process with 
an historical approach, illustrated by a cooler weather to reduce operator { 
tigue—welding in this case was done at 
115° F temperature and 95° humidit) 
(2) and that there be cleanlines 
metals and site. 


picture of a welding shop of 1887 in 
which the carbon are and battery cur- 
rent was being used, DeBernardos 
having invented the carbon are in the 
1860's, while Slavianoff tried the metal The welding of rotor bars of copper 
are shortly thereafter using a bare metal alloy to copper end rings in the mar 

electrode with indifferent success facture of alternating-current elect 

Kjellberg of Sweden coated the metal motors is described by Huff.'" <A: 
electrodes (time not stated automatic inert-are process is used t 
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fuse the parts together making a strong 
and electrically efficient joint 

Another method of welding, in this 
case the carbon arc, 18 used to weld the 
armature wires to the copper com 
mutator bars in the manufacture of 3 
to 5-hp direct-current electric motors in 
which there are 65 connections.’ <A 
water spray protected the insulation 
from the welding heat. A copper tank 
8% ft in diameter by 18 ft long, made of 

in. copper sheet with '/,-in. thick 
copper heads was welded satisfactorily 
with the argon-shielded are." 

All of the ten groups of copper alloys 
of Table 3 may be welded by one or the 
other of the inert-gas, arc-welding proc 
However, the copper-zine alloys 


esses. 


brasses and bronzes-—of Groups 3 and 
1 are prone to lose zine by evaporation 
in the high temperature of the ar 
Fuming of zine is troublesome and must 
be kept to a minimum 

Cadmium of the Group 10 bronze is 
also prone to evaporate in the high 
temperature olf the are. Cadmium 
vapor is toxic and extra precautions 
must be taken to avoid this hazard when 
cadmium-copper alloys are welded.!" 

Little work has been done in fusion 
welding high zine alloys (as those of 
Groups 3 and 4 of Table 3) by the inert 
However 


gas-shielded are silicon 


bronze and aluminum bronze worl 
quite well as consumable electrodes in 
the inert-gas-shielded are and are much 
used therewith 


Walker! 


- X °/y-in. naval brass plate using the 


reports the welding of 
carbon are and low-fuming bronze rod 
and silicon-copper rods 

tonay'** cautions against the locked 
up stress near the weld in naval evapo 
rator shells 6 ft in diam by 6 ft long of 
In SOIC CASCS 

He recom 


sin. naval brass plate 
it was as high as 9000 psi 
mends a stress relief anneal at 750° | 
held for 1! 
ness and cooled slowly to avoid stress 


2 hr for each '/.-in. of thick 


corrosion cracking in service 
Schlosser! reports the welding of a 
heavy hydrolyzer made of  !*/jg¢-in 
phosphor bronze, 96% copper-4°, tin 
using a bare phosphor bronze metal ar 
electrode. He had tried the carbon ar¢ 
and the oxy-acetylene methods pre 
viously with poor success. With the 
metal arc, he obtained satisfactory welds 
having a strength of 39,000 psi. This 
was in 1941 before the inert-gas arc 
became well established. Sandberg!” 
the next summer reported a similar 
welding job on a large, phosphor bronze 
pressure vessel attaining good results 
with a low-phosphorus bronze covered 
metal arc electre de 
rather 


Spencer''® gives a compre 


hensive survey of various preferred 
methods of welding the copper alloys 
citing 16 references 


well worth consulting but are too long 


The articles are 


to be abstracted here 


JuLy 1955 


Richards” gives a very complete 
dissertation on the joining of beryllium 
For fusion welds he 
suggests the carbon arc or the inert-gas 
arc using either beryllium 
Kverdur, or aluminum bronze rod fo 


copper, ( rroup y 
copper 


filler metal 

Hawthorne'™ obtained excellent re 
sults in 90/10 
nickel using the inert-gas-shielded proc- 
esses and the 90/10  cupro-nickel 
electrode 


welding the cupro 


welding rod or Tensile 
strengths up to 50,000 psi with excellent 
ductility were obtained. 

Aluminum bronze covered electrodes 
are available and are found useful in 
metal are welding of aluminum bronze 
and other alloys. Garriott!*! reports a 
very complete series of tests made to 
conform to ASME Boiler Code Special! 
Case No. 1108 published in Mechanical 
Engineering February 1950. Carbon 
arc, inert-gas are with both tungsten 
and consumable electrodes and sub 
Good 


results were obtained and recommenda 


merged are processes were tried 


tions made. Earlier tests were re 
ported by Swift*® on the use of these 
coated aluminum bronze electrodes in 
making deposits requiring a_ strong 
hard, wear-resisting surface on various 


base metals. On steel this would be an 


are braze rather than a fusion weld 
the are being kept on the filler metal] 

Sandberg’ explains the use of the 
metal are and phosphor bronze covered 
electrodes in the welding of heavy 
phosphor bronze plate. This was in 
1942 before the inert-gas are had been 
periec ted for the copper alloys 

Figures 7 and 8 are taken from weld 


made in*/,in. thick aluminum bronze (92 


copper, 8 aluminum) plate using wire of 
the same composition as an inert-ga 
electrode In 


columnar crystals of the 


consumable metal-are 
% the 
metal blend perfectly with the 
equiaxed grains of the base metal \ 
band of reerystallized fine-grained metal! 
is noted in the interface 
Generally speaking, all of the copper 
alloys of Table 3 may be fusion welded 
However, not all processes are equally 


The selec 


tion of welding process and filler metal] 


well adapted to all alloys 


must be determined after considering 
the application in which the weldment 


is to he used 


Resistance Flash, Spot, Seam and 
Stud Welding 


This is the only welding process in 
which the high electrical conductivity 
In the 
interval since 1936, noteworthy progress 
has been made in this field 


of copper occasions difficulties 


Some 
valuable research on resistance welding 
was done at Rensselaer Polytechnic 
Institute'* under the direction of the 
late Dr. W. F. Hess. He remarked 
that Dr. Hotchkiss, President of Rens 
selaer Polytechnic Institute, had said in 
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October 1937 that “The joining of 
metals, including welding, was still more 
of an art than a science.”’ However, 
much was done under his direction to 
change this situation. 

Much was done also by the resistance 
spot and seam welding machine de- 
signers and the designers of resistance 
flash and butt welding equipment as 
well. In particular, the use of stored 
energy in a magnetic coil or condenser 
bank gave an impetus to resistance spot 
ind seam welders making them applic- 
able to aluminum with a minimum 
energy supply. Mikhalapov and Wey- 
gandt!”” in 1940 made a careful theo- 
retical evaluation of the stored-energy 
spot welders of the electro-magnetic 
field type, while Hilbert!™ explained the 
practical application of the condenser 
discharge type in spot welding alumi- 
num 

Dawson and Wise!® give a still more 
searching report of the stored energy 
systems. They mention L. W. Chubb 
and his percussion welding which was 
developed in the 1910-20 decade to 
make connections in incandescent lamp 
Also patents of J. A. 
Heany in 1913 on electro-magnetic 
storage Which was popularized in France 
by Seciaky and by Languepin. The 
former introduced his machine into this 
country in 1988-39. Wood!” a month 
earlier published an evaluation of the 
of stored-energy spot-welding 


manufacture 


two type 
macl ifie 

While the primary objective of much 
of the spot welding equipment noted 
ibove was the spot welding of aluminum 
in the manufacture of aireraft, it did 
extend the use of such processes for the 
copper alloys as well. Wood, Babin, 
ind Atkin'®* tested the efficiency of spot 
welds by the torsional shear method in 
the silicon red brass (77Cu-22Zn-151) 
vhich brass had been found useful in the 
manufacture of refrigerator evaporators 
by resistance spot and seam welding 

toth Taylor'* and Gillett!® empha- 
ize the need for sensitivity in the pres- 
ure control of spot welds made at high 
peeds. They suggest the use of light 
weight in the moving spot welding 
electrode in order to reduce the inertia 
force Taylor reports the reduction 
of the moving electrode mass from 150 
to 2 lb. He obtained copper-to-copper 
ind copper-to-leaded-brass spot welds 
with the more sensitive welding head. 

srandt!®* discusses the machine vari- 
ables and methods of control in flash 
welding needed to weld the nonferrous 
alloys. The controls of heating times, 
current voltage, holding pres- 
sure, push-up pressures and times are 
much more critical for the copper alloys 
than for steel 


“Poke” or Stud Welding 


In making fastenings to a plate, in 
expensive and undesirable 


Values 


which it is 
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to drill the plate, the structural member, 
the tank or other stator, a new method 
known as the “poke 
to weld studs thereto 


weld is employed 


Herbst! in an early description of the 
inert-gas are explains the use of this 
simpler equipment to spot weld liners 
He de 


involving pure silver 


to steel tanks in 4 sec per spot 
tails application 
Monel, Everdur and other copper and 
nickel alloys. VPilia 


proved inert-ga 


describes an im 
welding head weighing 
only 2 lb which spot welds one sheet to 
inother underlying it as in automotive 
work, refrigerator manufacture, ete 
Herbst also describes the welding of 
in & ft diam by 18 ft long tank made of 
diam Everdur and ! cin thick 
In this instance, alternating 
current was used, In later work the 
direct current was found preferable 
Brewster cites the advantages of 
tud welding where studs '/, to */4 in 
aluminum 


diam are welded to steel 


tuds to aluminum plate, brass and 
Monel studs welded to a stator by the 
controlled evel proc High-fre 
quency pilot are guides power are stud 


to plate, flash of heat and then pressure 


completes the job in an automatic eyele 


Are times 0.15 to O.50 see with are 
currents 150 to 500 amp. A suggested 
stud design is up to 3 times plate thick 
rie 

A later development'*’ is in a capac 
itor-operated stud welder which uses 
only 2 kva With it one operator can 
place 3000 studs per hour with the au 
operated, portable gut Studs from 

to '/. in. diam can be welded to thin 
heet or heavy plate with a strength 
comparable to that of the heavy metal 
Mlost combinations of metals are por 
ible as, for instance, brass to zine die 


costing 


Welding Goes to College 


indebted to 


the colleges and technical sehools for 


The copper industry | 


many of the advances made in the art of 
welding coppet Chis is not surprising 
8 an industry having such wide ramifi 
cations welding industry must 
necessarily given the attention of the 
educators Such | indeed the case 
\ vocational or technical sehool in 
any industrial community will almost 
invariably have a welding instructional 
department 

Professor Doan did most of his 
work on the inert-gas are at Lehigh 
University, while Henry’ 
used the facilities of Brooklyn Poly 


technic Institute on important metal 


lurgiceal studies of welds Professor 


Harrelson'* outlines the courses at 
Creorgia Institute of Pechnology which 
orient welding to engineering, while 
Profeasor Schultz'* does the same for 


Oklahoma A. and M 
Young™ takes up welding at 


College. Pro 


lessor 


336-8 


. ‘ y we of ines s Tv : $] Smith, H 
Michigan College of Mines and Tee! aoe. = > 


nology and Production Conts 
, 25 1} Research & 
uleo 25 (3), 188-« to It 

$2 Bohn, G. H , 
Soldering Iind., 25 4 rl ) 
welding shops 43. U. 8. Department of ¢ 


Turnquist'** published an excellent 
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1. 1. W. REPORT: 
COMPARISON OF SLOW NOTCH-BEND TEST 
AND V-NOTCH CHARPY IMPACT TEST 


For the assessment of the notch ductility of C-Mn steel 


Introduction 
At the present time steelmakers are being asked to 
provide carbon-manganese steel plates with notch 
ductility specified to attain various arbitrary levels. To 
ensure that the notch ductility of each batch of steel is 
satisfactory, specifications call for some form of notch- 
har acceptance test 

While in any one country the test used for deter- 
mining the relative notch ductility of steel for accept- 
ance purposes is reasonably standardized, there are 
very marked differences in the characteristics of the 
tests employed in different countries. Further, even 
when the same type of test is used, the relative notch 
ductility of the steel may be assessed on the basis of 
one of a number of different criteria. The object of the 
present investigation was to determine the extent to 
which the procedure adopted for acceptance testing in 
different countries gave equivalent rating to a number 
of l-in. thick carbon-manganese steel plates 

For a preliminary investigation, it was decided to 
consider only two of the many tests and two of the 
possible criteria. The tests selected were the V-notch 
Charpy impact test and the slow notch-bend test as 
developed at the Royal Netherlands Blast’ Furnaces 
and Steelworks. These tests differ with respect to 
rate of loading, type of notch and size of specimen 
From either test it is possible to determine either the 
tendency for a cleavage crack to initiate at the notch 
A report of Commission 0, International Institute of Welding, Behavior of 
Metals Subjected to Welding 


Document XIL-190-54 Released by the Bureau of the LI.W. and reeom 
mended for publication 


This investigation was carried out under the auspices of the former Commis 
sion 12; Brittle Fracture (now incorporated in Commission 9: Behavior of 
Metals Subjected to Welding) of the International Institute of Welding 
The members of the Subcommiasion that was entrusted with this work were 
W. Barr, Chairman (Cireat Britain), J. H. Van der Veen (Holland), Per 
Matton-Sjoberg (Sweden), H. Herbiet (Belgium), H. Vinter (Denmark 


and propagate through the undeformed metal (the 
ductility, criterion), or alternatively, the tendency for 
a fibrous crack to change to a cleavage crack after 
some deformation has occurred (the ‘fracture appear- 
ance’ criterion). For acceptance testing, the former 
criterion is normally employed in the V-notch Charpy 
test, and the latter with the slow-bend test 

In addition to determining whether the different 
test and criteria rated the steels in a comparable 
manner, the opportunity was taken to investigate the 
reproducibility of the two tests when carried out in 
different laboratories, and also to make an estimate of 
their relative discriminating power. 

This preliminary investigation was carried out on 
carbon-manganese steels of the same general type and 
on samples of the same thickness. Since the slow-bend 
test is normally carried out on specimens comprising 
the full plate thickness, while the Charpy specimen 
has the same dimensions irrespective of the thickness 
of plate from which it is taken, this latter factor will 
probably influence the relationship between the results 
of the two tests when plates covering an appreciable 


thickness range are considered. 


Procedure 

The experimental work was shared by five labora 
tories. Eleven plates of C-Mn steel, all 1 in. thick 
were selected to cover as wide a range of notch duc 
tility as possible. These specimens were provided 
from four works, each of which carried out both the 
V-notch Charpy and slow-bend tests on their own 
plates. In addition, one laboratory carried out check 
slow-bend tests on eight samples, and two laboratories 
carried out check V-notch Charpy tests, one testing 
eleven plates whilst the other excluded the three sam 


Table |—Data on Steels Investigated 





Composition, ° 


( Si 


Yield Point 


Kg./sq.mm 


UTS Elongation 
a on 5 in 


— _— 
Tons 9q.in Tons sq.in Keg sq.mm 


} 


0-185 0-030 0-020 15-5 24-0 27:0 42: 34 
0-165 0-030 . 0-017 17-5 27:5 27:0 42 32 
0°120 0-040 0-011 17-0 27-0 25:0 39-5 33 
0-150 0-050 0-022 19-0 30-0 26°5 4) 28 
0-180 0-200 : 0-019 21-0 34-0 29°5 46:5 25 
0120 0-280 0-015 21-0 32°5 31-5 50-0 22 
0-190 0-050 0-013 15-5 24-0 28-0 43-0 27 
0-200 0: 200 0-010 22-5 35-5 30-0 47°5 26 
0-215 0-060 : 0-038 18-0 28-5 31-5 49:5 26 
0-125 0-040 : 0-020 17-0 27-0 28-5 45:0 34 
0-125 0-130 0-020 20-0 31-0 29-5 465 | 32 
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ples from its own works. The compositions and tensile heterogeneity of the samples, test specimens were taken 


properties of the steels were determined according to a prearranged plan. Each collaborating 


Experimental Details laboratory followed the same procedure in selecting 


In order to avoid spurious relationships arising from specimens for testing, and testing temperatures were 


Table !l—Works Tests on V-Notch Charpy Specimens 











Testing 
Temp. °¢ 


Steel A 
+ 60 
40 
20 
0 


—20 
-40 


Steel B 
+40 
+20 


0 
20 


+40 
+-20 
0 
20 
40 


Steel F 
+20 
0 
20 
40 
—60 


Steel G 
+- 60 
+40 
+30 
+20 
+10 

0 


10 








12. 79 
66. 59, 70 
35, 47, 44, 54 
10, 29, 55, 21 
34 
6,6,7,9 
4 


56, 62 
57,61, 54 
43, 56, 50, 42 
29, 45, 44, 38, 
29 
7. 5.9.17 


2 
4 


107, 116 
$2, 119,95, 118 
80, 48, 58, 69, 
85 
26, 20, 20, 20 
7, 5,8 


65, 62 
53, 51 
23, 29 
12,14 
6.5 


51, 
4 
iy 

9,2 
‘5 


’ 


97, 102 
91,99 
44,63 
22, 42 


14,14 


55, 50 
38, 50 
36, 35 
30, 33, 29 
18, 33, 23, 16, 
20 
13, 12, 16, 12, 
8 
11,7, 11, 26, 
12 


6.6 


76, 67 
76, 72 
40, 69, 61 
42, 27, 36, 35, 
30, 35 
45, 35, 20, 42 
20, 20, 24, 26, 
27, 20 


> 17 29 
12. 33> oe 


Percent 


Fibre 


90, 90 
80, 50, 70 
20. 30, 30, 30 
§. 10, 95, 10, 
10 
oh. Ge 


< 


100, 100 
100, 100, 100 
80, 100, 100, 80 
20, 100, 90, 80, 
30 
10, 5, 10, 10 
0 


100, 100 
80, 100, 90, 100 
70, 20, 40, 50, 
60 
10, 10, 10, 10 
$45 


100, 100 
65. 70 
40, 35 
15, 20 
0,0 


100, 100 
90, 100 
55, 95 

10, 64 


0.0, 0, 0, 
0 
0.0 


100, 100 
100, 100 
30, 40, 35 
25, 10, 25, 10, 
15, 20 
15, 10, 10, 15 
Be «=. 
ee 
5 5 < 








Testing Energ 
Temy ( frit 


Steel K 


80 
60 
40 


30 
20 


10 


0 20, 13, 14, 10, 


19,18, 11 
5 § 8 


§ 5 6 


108 
108, 86, 111 
107, 103, 98, 

103 


60, 56, 50, 81 
82, 39, 35, 44 


42, 28, 43, 45, 


15, 31 


38, 37, 22, 26, 


Le 
+4 ie 


6, 27 


9U 
93.953 

107, 122, 95 
114 

93, 104,95 
94 

77. 86, 5O, 58 
e7 

51, 58, 73, 39 

28, 25, 17, 42 

18, 29, 18,43 

7,11,9,6 
1? 


J (repeat) 
20 
0 
20 
30 
10 
50 
60 
70 
&O 


Steel L (repeat) 
40 


20 

0 
20 
30 
40 
60 


Percent 
Fibre 


100 
90, 80, 80, 90 
50, 50, 60, 50, 
60 
40, 40 
30, 40, 30, 40, 
30 
20, 10, 10, 20, 
20 


10, 10, 10, 10, 
10, 10, 5 
0, 0,0 
0, 0,0 


100 
100, 100, 100 
90, 90, 70, 
90 
50 
50, 40, 30, 50 
50, 20, 20, 10 
10, 5, 20, 20, 
10,0 
5, 5. Fue 
0 
0, 0, 0, 0, 
0,0 
0 


100 
100, 100 
100, 100, 100, 
100 
70, 90, 100, 
100 
60, 80, 40, 40, 
60 
15, 50, 50, 20 
10, 10, 0, 20 
0, 5, 0,0 
0, 0, 0, 0, 
0 


100 
100 
40 
10, 5, 10 
0,0,0 
0,0,0,0 
0 
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Table ili—Results of V-Notch Charpy Check Tests 








Testing Check Test I Check Test 


Temp., 
. =i 


Check Test Il 


Testing z= heck Test I 


I 
ry Energy, Percent Energy, Percent Energy, Percent. Energy, Percent 
ft.lb Fibre ft.lb Fibre ftl Fibre ft.lb Fibre 








0, 20, 10, 
10 
4,4 | 0,0 


Steel A 6, 1 
+ 80 82 100 = 
+ 60 77 95 86, 90 100, 100 
+ 40 71 60 91, 64, 54, 100, 70, 80, 
56 


+30 69, 51, 38, 
62 


t 20 
110 


10 


10 


31, 42, 39, 
41 


80 

50, 50, 50, 
60 

30, 40, 40, 
Bu 


75, 84 


28, 15, 21, 10, 10, 10, 
25 10 78, 73 
12,12 50, 57 
0 8,9 41, 44, 50, 
0 7,6 ; 51 
0 28, 32, 29, 
22 


0 


100 

95 he 

95 56, 52, 53 a alt 

$4, $2 o, 

80 52, 52 

50,40 | 38, 42, 34, 
38 


18, 24, 25, 
24 














40 28, 20, 20 
20 13, 12, 14, 
16 


51 90, 90 
50, 50, 60, 
40 
50, 50, 40, 


10 7,6 53, 
0 1 : , 43, 56, 50, 
46 





41, 41, 38, 
120, 120 | 100, 100 4! 
100- 100 100, 100 
95 60 80, 70, 90, 2 50 
90 +10 17, 21, 29, 20, 20, 10, 
20, 20, 20, 12 10 
20 0 17,14 10, 10 
tt) * 3 10, 10, 40, 10 ' 7,10 0,0 
20 7,7 0,0 
10, 10, 10, 40 
10 
10, 10 Steel J 
0,0 60 


0,0 0 
20 
0 90, 100 
100, 100 10 5: 100, 50 
90, 100 20 : 57, 50, 50 
90, 90 30 20, 20, 30, 

50, 50, 70, 35 30 

70 40 2 | 10, 10, 10, 
50, 50, 50, 3: 10 

50 50 } 10, 10, 10, 


Th 7, 14, 10 
, 60 ‘ 19, 18, 10, 10, 10, 

20, 20 10, 10, 10, 10 

11 10 67 , 0,0 
10 ; 0,0 
0 


40 
21, 23, 34, 30, 40, 50, 
32 


75 5O 














100, 100 
7 
100 - - 


100 
c 50, 30 
” gly 50, 40 


100, 100, 100, 30, 30, 20, 

3 100 10 

80, 80 3: 80, — 90, 10, 10, 10, 
2 20 

12, 9, 14, 10, 0, 10, 

10 0 

7,8 0,0 


60 23, 17, 50, 60, 50, 
2 60 
3, 30 Hy 44 20, 40, 20, 
20 
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Table Ill (cont'd) 





Check Test I Check Test Il 


Testing 
Temp., | Energy Percent Energy 
c | ft.ib Fibre ft.Ib 


Steel L 
20 
10 


0 


10 


30 
19 
40 | 6, 


Steel M 
10 | 94,89 | 100, 100 
Oo | 90, 93 80, 100 
10 95, 65 100, 60 
20 65, 74, 70, 50, 50, 60, 

64 60 

10 | 43, 57, 46, 40, 40, 20, 

42 20 

40 34, 20, 35, 10, 10, 10, 

17 10 

sO 10, 13, 11, 0, 0, 0, 

10 | 0 

oO | 8.8 | 0.0 














specified The procedures lor carrying out both the 
slow-bend test and Charpy tests are fully described 
in the literature but the tandard procedures laid 


down for the investigation are described below 
V-Notch Charpy Test 


Che test was carried out on specimens having the 


longitudinal ay parallel to the direction of rolling 
the plate the pecimens Wwe! taken Trom a position 


uriace specimen vere 1 mm 


> mm helow the 
quare and not le than 55 mm or more than 60 mm 
iv Notche \ eut W " Ing cutter vith an 


angie ol 5”. the tooth radiu bemg O25 mm The 


vere mm deep he yitudi 
as perpendicular to the | Uta 
testing temperature pecimet! 
hy immersing them i quid t 
temperatures below the atmospheri cool 
methylated ether and solid 
The temperature ol 
of a thermometet 
mens were held at temperature Tor 
then transferred to the machine as rapid 
and broken immediatel) 
Slow Notch-Bend Test 
The test was carned out on specime 
longitudinal axis parallel to the direction 
plate The specimens were not less thas 
Zo mm 


ng with a cross section of 70 mm 


deep not h was pressed perpe! dicular to the 


face by means of a sharply ground knife 


angie esting Wis “AIWRYS completed 


notching, to minimize the aging effect 


Juny 1955 


Che vertical speed of loading was 20 mm/min. The 
testing temperature ol the specimens Wiis controlled 
by immersing them ina liquid bath consisting of methyl 
ated ether and solid carbon dioxide for temperatures 
below atmospheri lhe temperature of the bath was 


measured by means of a thermometer or thermocouple 
Test Criteria 

The criteria considered were as follows 
Slow Bend Test 


Fracture i ppea ance ¢ lerion The temperature ut 
which it was estimated that there would be a zone of 
shear fracture extending 32 mm from the root of the 
notch 

Ductility Criterion” The temperature at which it was 
estimated that the specimen 200 mm between supports 
would have deflected 6 mm at. its central point when 
the load reached a maximum value 
V-Notch Cha py 

Fracture | ppearance ('riterion The temperature 
at which it was estimated that the areas of shear and 
cleavage in the fracture would be equal 

Ductility Criterion Ihe temperature at w hich it was 
estimated that the mean energy absorption to fracture 


the specimen vould be 15 tt-lb 


Results 

The compositions and tensile properties of the eleven 
steels are given in ‘Table | Complete records of the 
results of V-notch Charpy and slow-bend tests are 
The tran 


given in Table , re pectively 


sition temperatures obtained are shown in Table 6 
Analysis of Results 

he first object | nalyzing the result was to dete 
mine whether the obtained in different labora 
tories were omparable to justify further 
consideration of tl Owing to lack of specimens 
it was not possible to obta reliable estimate of the 
ductility on to check slow-bend tests How 
ever, the reproducibility of the fracture appearance 
criterion from t] ow-bend, and the duetility and 
fracture appe from the V-notch Charpy 
test, were examined Notting the results in the dia 
grammnat ic From this diagram 
the followin ay IsLO ere drawn 

| Phe: no ce of any major systematic 
error in the ult ola ol criteria The tempera 
tures obtained for t tech Charpy ductility crite 
rion in the omewhat higher than 
the results reported individual firms. This 
may be due in measuring tempera 
tures in the 


Z Phere 


obtained in different laboratories for all criteria. How 


dom differences in the results 


ever, in no ¢ re these differences of sufficient magni 


tude to prevent fication of the steels 


1 veneri i 

3. The random error the value of a criterion will 
depend on the number of specimens broken to determine 
it. For the particul umber of specimens used in 


this investigation the slow-bend test has a significant 
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Table IV—Results of Slow Notch Bend Tests 


Testing Works Tests Check Tests 
Temp., |-——— ——-— -— — — — -— a 
"Cc | Max. Load, | Deflection at Depth of Max. Load, Deflection at Depth of 


| 
metric tons Max. Load, mm | Fibre, mm metric tons Max. Load, mm | Fibre, mm 











Steel A 
+ 40 8, 30-8, 30-1, 3-2, 13-8, 13-6, 52, 46, 46, 
303 12-2 48 

30 7, 32:1, 30-8, , 14-0, 13-3, 5, 37, 43, 

1, 31-3, 31-8, , 14-4, 14:3, 42, 36, 38, 

0, 32-9, 33:2, | , 15-2, 14-9, 45,46, 8, 
32-9 41 

6, 25°4, 31-4, 11,1, 5, 

2, 33-3, 32:6, 11, 3, 7, 

1, 32°8, 32-8, 34, 44, 8, 
33-0 36 

0, 6, 3, 


+ 


0,0 


os 


>ww 
caw 
wire 
oo © oo 


, NAaNAD 
osfn 


x 
wan 


n~ 
ty 





> 
~ 
oS 


tv 


92,99 67, 67 
9-5, 10-0 67, 67 
67, 67 
67, 67, 67 
67, 67, 67 
67, 67, 67 
60, 57, 58, 
67, 60, 67, 
55 


coax 


Y~MNY Yeh > a 


HwewsSeses™: 
ox 


cl ~IN 
wNwewe. - 
—=Sresso 


-SSE2 
FOoNNYyYy 


—x2Oatn 


a 


0,0, 0, 
59, 0,0, 
0,0 


wh 
—w 
ih) 
a & 


t 
- 














NAaAL— OW 
mi he 


-LaS 


24 


35-4, 37-1 19-0, 22-5 53, 60 
3, 35-0, 34-8, 20:2, 18-2, 17-6, a, a> 51, 
8, 36:2, 36°6, 21-8, 20-6, 19-6, 60, 39, 40, 
36:2,37°4 19-7, 20-7 15, 48 
9, 37-4, 35-9, 22:6, 20-2, 18-6, 14, 13, 12, 
6, 36°7, 38-9, 16-0, 17-9, 22-8, 32, 8, 50, 
§, 37-9, 35-7, 17-5, 20-7, 17-5, 13, 26, 29, 
37-5 18-8 41 
40 7, 35-4, 29:5, 7-7, 15-6, 8-2, es 
5, 36°5, 35 14-4,17-9, 15-9 6, 14,14 
50 5, 27-1, 28:1, 9-0, 6°4, 6-0, se eS 
29:1 72 l 











Steel D 
| SO 
| 40 
+ 30 
| 20 
+10 
0 


4 
x 
- 


, 26°9 PET, Ud-1 64, 

, 26°5 & 6, 10-4 60, 

25:9 9-9, B- 58, 
‘27-9 9-2'9-5 55. 58 29-0, 29-0 10-2, 10-3 

, 28:7 20:7, 11-2 36, 7, 30-6, 28-9 10-0, 10-0, 9-9 

» 295 98, 10-6 31, 2 8, 32-1, 29-7, 10-1, 10-7, 9-9, 
29-8, 30°5 10:4, 11-3 

4:4, 2-6, 0, 0, 0, 21-6, 22-8 33,40 

13°: 2! 

2 2-5, 3- 0,0 

! 

2 


YNMhNre 
= a 


10 , 6, 19-2, 4-2, 


l 
) 
4, 


2 . 1-8, 0, 0, 0, 
0 0 
, 28-0 ’ 67,67 
, 28-3 q 67, 67 29 3, 29:1 
,28°8 , 8: 26-9, 29-3 
, 28-9 | 2,67 28:6, 29-6, 30-4, 
29-8 
, 29:2 , 27-3, 29-1, 24-8, 
27:4 
} 
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Table IV (cont'd) 





Testing 
Temp., 
< 
Steel F 

0 
10 
20 
30 


40 
50 
60 
70 
Steel G 

40 
30 
20 
10 

0 
10 


20 
30 


10 
0 


5 

10 

20 

30 

40 

Steel M 

10 
—20 
WO 


40 


45 
50 


60 
70 








Jury 1955 





Max. Load 


metric tons 


36-8, 38-4 
%6 8, 35-2 
%6 5, 38-0 
38-6, 37-1 


6:7, 37:4 


39-3 
8. 35-4, 40 
9, 31-0, 28 
29-8, 31-2 


29-8, 29-0 
5, 29-8, 30 
77 4 
0, 26:7, 27 
26:9, 29-9 
9, 20°8, 23 
21-9, 23-0 


6, 20-8, 28-5 


29-1, 21°8 
7, 20-9, 18 


35-7. 33-7 


3, 34-1, 38 


1, 35-2, 36:7, 


36°4, 36°5 


5-9, 35-1, 35 


5, 38-8, 35 
0. 36:5, 36 
36-1, 341 
1, 32:5, 32 


t 
Nam 


NY 


~~ 


Nm 


13 
11 
1] 
11 


my Fe 

3, 13 
12 
1 


h 
13-2, 13-1 
63,1 

15-5, 7-4, 12 
2-8, 2-9, 3-6 
4:6, 5-7 


1-3 
| 


12-0, 10-0 
10-0, 10-0, 12-0 
11°5 
11-3, 11-0, 8-0, 
10-0, 10-0 
10-0, 4:0, 5-0 
50,40 
11-0, 4-0, 11-0, 
11-0,4°8 
4-5.4-0,4-0 


13-5, 12-0 
10:5, 12-0, 11-5 


5, 11-5, 13-0, 


13-0, 12-5 
12-0, 11-5, 8-0, 
11-0, , 12-0 


12-0, 10-0, 13-0, 


9-5, 10-5 
6-0. 6:0, 7:0 


10-7, 10°4 
10-2, 9-6, 10°4 


10-2, 10-2 


, 11-8, 10°9, 


10-0, 10-4, 10-2 
10-0, 9-6, 8-0, 
11-1 

6°5 


7, 12:5 


) 
14-2, 12:7, 10-9 
10-9, 2, 13-0 
y 
10:4, 1, 11-8 
2, 9°8, 
: 
12:2, 0-7 
2-0. 10-9 
2-0 


12-9, 12-0 
13-1, 13-1 
12-5, 12-0, 14-5 


12-9, 12:4, 10°9, 


11-7, 14-0, 15°] 
13-8, 14-7 
15-8, 12-4, 9°7, 
12-7, 13-8, 12-2 
11 7. 56 


11-3 


Depth ot 
Fibre, mm 


, 65 
7°67 
61 


$4, 19,2 
67 
11,8, 33, 
35,5 
25,0, |, 
0,0 
11,& 3, 
9.0 
0,0,0 


67 
45, 21,67 


54, 48, 3, 
46 
40, 55, 60 
13,7, 14, 
20 
9.0 
0,4 
0 





Deflection at 
Max. Load, mm 


Max. Load 
metric tons 


10-3, 11:4, 10-8, 


10-0, 12:1 


10-1, 10°8, 11-1, 


11-0 
11:0, 10-1, 3-2 


9-3, 10°3 


10-2, 10-0, 10-2, 


10-8, 11-2 
10°8, 8:5, 10-8 


3-0,9°5 


10-4 
4 10-8, 12-0, 10-2 
9 35-6, 37°4 8:4,10°5,11°9 


16:6 10-0 
29-5, 37-0 4-3.10-0 


8, 33-6, 31-9 
0, 33-9, 33:4, 
32-8, 34:1 


7. 33-5, 33 10:4, 10-8, 10-0 


43-4,40°7, 41-1 
36°5, 40-4 
40-0, 43:4, 44-4 


40°5,42:°9 


40-6, 39-9, 41 
38-1 

39:3, 41-3, 37 

40-4, 39-8 


43:0, 41-3 


28°2 


—EEE ——4 





Depth of 
Fibre, mm 


57, 57, 59, 


67 
67, 32,9 
5,9, 8, 


5 
0,6 


67, 51, 54 
50, 19, 47, 
9,48 


13, 25,3 


67,67 


16, 25, 24, 
40, 59 
31,43, 14 


7,6 


67, 55, 53, 
59 
60, 15,4, 
19, 57 


8,15 


0 
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Table V—Supplementary Slow Notch Bend Tests FRACTURE APPEARANCE CRITERION 2 
SLO 

BEND 
TEST 
Works 


HARPY TEST 





SLOW BEND CHARPY TEST 

TsesT 
Deflection at es P 
Max. Load, bo Works Check | Check] Works Check]J 


mm 


Max. Load, 


metric tons 


Depth of 
Fibre 
mm 


Testing 


Temp heck J 
Lf 


| Check Works 


Steel A 
+10 


0 


2,0, 0 


Steel B 
60 


Steel ¢ 
10 


Steel I 
20 25-1, 363 


40 28°9, 23:7 
50 22:3, 268 


60 22-4, 23-2 


Steel M 
60 | 45:4, 33-7, 26-9 
10 | 43-5, 28-2, 35-2, 
30-0, 37-2 
33-8 
29-7, 27°8 


17-7, 8-6, 7°5 


16°5, 2:8, 7°8, 
43,93 


0 


x 
2:4,2°6 


2 
29-7 2:3 











advantage over the Charpy test in that it spreads the 

results over the widest range of temperature and shows 

the best reproducibility between different works. On - 

the other hand the Charpy fracture appearance criterion P . : P p P F 

Fig. | Results of V-notch Charpy and slow-bend tests on 
eleven steels 


does not seem to discriminate between steels which 


have good notch ductility 
The main objective in analyzing the results was to 


determine whether the different tests and criteria gave 


a comparable, order of merit, rating to the steels 


If the tests 
the steel, then the results should show a high degree ol 


and criteria measure the same property of 
correlation. Since the number of results was too small 
to justify determining the correlation coefficients by 


arithmetical computation, particularly since there was 


no reason to believe that the relationships would be 


linear, values for the different criteria were ploited 


against one another and the degree of correlation 
estimated from the scatter of the values from a sme 
These 


the follow! 


curve drawn through the points curve 


) 


shown in Figs. 2-6 and are discussed in 


paragraphs 


Table Vi—Transition Temperatures 





Fracture Appearance 
Criterion 
Slow notch bend test 


Check test 


V-notch Charpy test 
Check Test I 
Check Test Il 
Repeat Test 


Ductility Criterion 
Slow notch bend test 


Check Test 


V-notch Charpy test 
Check Test I 
Check Test Il 
Repeat Test 





Criterion 


Temp. for 32 mm 


fibre below 
notch 


Transition Temperature, ‘¢ 


Steel A | Steel B | Steel C | Steel D| Steel £ | Steel F | Steel G | Steel J | Steel A 


} 
| | 
| 


29 | 27 


Temp. for 50°, 


| fibrous fracture 


Temp. for 6 mm 


| deflection at 


max. load 


Temp. for 


energy absorp- 


tion of 15 ft 


20 | 


25 


| 
2 19 | 
Ib | d : | 16 


| 


Steel L | Steel M 





*Doubtful value because of scatter 
Parentheses denote that insufficient tests were made 
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(°) 








»C. (SLOW BEND TEST) 
9 





~ 
e) 


fs 


TEMPERATURE 





-40 20 . 2. =o 
TEMPERATURE, °C. (CHARPY TEST) 


Fig. 2. Correlation of results for V-notch Charpy and slow- 
bend tests: fracture appearance criterion 


Fracture Appearance Criterion: Different Tests 
With a single exception, all the points lie close to the 
smooth curve in Fig. 2 The number of sample tested 
was, however, too small to give this or the other curves 
a high degree of significance From the slope of the 
line it is obvious that the slow-bend test discriminate 
better between steels having good notch ductility 
Steel D appears to be exceptional in some 
The two tests differ considerably 
of loading type ol noteh, and 
Is po sible that Steel ID. which ha 
ratio, responds to one o ore of these 
different from that of tl othe 


rise trsaryy-! 14 her 


Ductility Criterion: Different Tests 


| om { o it ippeat 


\ 





°C. (SLOW BEND TEST 


> 
O 


TEMPERATURE 
ea 
e) 








TEMPERATURE, °C. (CHARPY TEST) 


Fig. 3 Correlation of results for V-notch Charpy and slow 
bend tests: ductility criterion 


Jury 1955 
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TEMPERATURE FOR 50% FIBRE, °C. 
re} 











a 1 


40 +220 fe) 20 
TEMPERATURE FOR 1S{t.ib. 0c. 





80 “60 


Fig. 4 Correlation of results for V-notch Charpy Test: dif- 
ferent criteria 


V-Notch Charpy Test: Different Criteria 

Figure 4 shows that, while the fracture-appearance 
criterion and the ductility criterion grade the steels in 
more or le the ime way, the seatter of the results 
is far greater than that obtained using a single type of 
criterion and different test Thus, the two criteria 
seem to br isuring different properties which are 
fairly closely re the case of the series 
of carbon-mangal 


Slow-Bend Test: Different Criteria 
| nt hy ( @ thre ad 


impossible to detert the probable shape of the curve 


of the points makes it 
or the degres broken curve in Fig. 5 
has been dra ths curvature than might 
had been tested 


How me indication that the correlation 


have been Ist ITLes 1 more LET ppie 


reasonably good, is not 
ults of different tests 

lor example, in 
the duetility transition 


ippearance eriberion, 











60-40 20 rs) 20 
TEMPERATURE FOR 6mm. DEFLECTIONSC 


Fig. 5 Correlation of results for slow-bend test: different 
criteria 
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SLOW BEND TEST) 
~ > Ce 
° 3 3 


~N 
~ 
Y 


a 
~ 
— 


TEMPER ATURE, C. 











80 oO. 20 
TEMPERATURE, C. (CHARPY TEST) 
Fig. 6 Comparison of ductility criterion in slow-bend test 
with fracture appearance criterion in Charpy test 


but in the case of Steel B the temperatures are almost 
the same 
Comparison of Tests as Generally Used 

In Fig. 6 the fracture-appearance criterion in the 
slow-bend test is compared with the ductility criterion 
in the V-notch Charpy test. It is obvious that, while 
the results lie in a band, the lack of close correlation is 
proof that the two tests as currently used are not rating 


the steels in the same manne, because they are not 


measuring the same property. It may be pointed out 


that the lack of correlation cannot be accounted for by 
random errors in the experimental results, since a far 
better correlation was obtained when the two tests were 


compared on the basis of either of the two criteria 


Conclusions 

The two tests employed generally give a similar rating 
to the samples of I-in. thick carbon-manganese plat 
to which the investigation has been restricted 

However, there is evidence that in the case of 
teel the differences between the tests alter its rating 
to a significant extent. If the investigation had co 
ered different types of steel and plates of different thick 
nesses it is likely that further exceptions would have 
been found. Where fracture appearance is to be cor 
sidered, the slow-bend test is to be preferred to the \ 
notch Charpy test 

Che two types of criteria, measuring the resistance 
to initiation of cleavage failure from a notch or from 
a traveling fibrous crack, respectively, give the same 
general rating to the steels tested, but there are signifi 
cant differences which may well be of practical impor 
tance. Again, the differences would have been expected 
to be greater if steels of wider differing types had been 
tested 

Phis investigation can provide no information as to 
which of the two criteria is to be preferred for accept 
ance testing, but confirms the importance of further 
study of this aspect of the brittle fracture problem 





ADMIRALTY SHIP STUDIES 


S.S. Ocean Vulean and S. S. Clan Alpine Structural Trials, 


idmirally Ship Welding Report No. 12 


As part of an investigation of problems arising from the 
extended use of welding in shipbuilding, the Admiralty 
Ship Welding Committee sponsored full-scale experi- 
ments on the structures of actual ships. An account 
of these is given in a series of reports published by 
H.M.S.O. with the Authority of the Lords Commis- 


sioners of the Admiralty 
The Reports relating to this work are 
R6 Ocean Vulcan Still Water Experiments 
R7 Clan Alpine Still Water Experiments 
RS Ocean Vulcan Sea Trials 


* Copies of Report No. 12 may be obtained through British Information 
Services, 30 Rockefeller Plaza, New York 20, N. Y., Price $5.75 


346-8 Ship 


Studies 


R9/10/11 Ocean Vulcan Sea Trials Detailed Analy 
ses 


teport, R12*, is a discussion of the 


The present 
results obtained from the still-water and sea-going 
investigations described in detail in the above reports 
R6-R11 inclusive, and states the general conclusions 
arrived at by the Committee from a consideration of 
the experiments on the dry-cargo ships Ocean Vulcan 
and Clan Alpine 

Certain theoretical assumptions have been necessary 
in framing these conclusions, and it is appreciated that 
later investigators may use a somewhat different 
approach in analyzing the results. For this reason 
measurements have, where practicable, been included 
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in the appropriate reports 

With the publication of this Report, the series now 
forms a coherent whole. Each volume is largely self- 
contained, but cross references have been supplied 
where necessary in order to facilitate a complete 


understanding of the work 


Conclusions (Report 12) 


The investigation appears to justify the following 
conclusions, which are in part additional to the detailed 
conclusions given in Reports R6, R7 and R&8 of this 
series: 

l Provided due allowance Is made for the effects of 
stress concentrations. local bending and the inefficien 
cies of panels of plating due to unfairness, the distribu 
tion of longitudinal stresses was similar in the two ships 
examined, and in fair agreement with simple beam 
theory 

Z No evidence was found to indicate that the 
ence of riveted seams affects the genera listributy 
longitudinal stres 


a 


o Concentrations up to about three time the 


nominal stress were found at structural discontinuitie 
with a tendency for the concentrations to be 
greater in the welded than in the riveted ship 

{. The inefficiency of plating due to unfairness had 
the effect of reducing the effective moment of inertia and 
shifting the neutral axis, thereby modifving 
In addition thi 


of longitudinal stiffening were 


distribution 


ness of the plating 


v. (part from the eccentricities which ocet 
lapped joints, the initial unfairnes vas foun 
greater in the welded than in the riveted ship 

t Although the heart-of-plate stresses in the 
plating were usually lower than those which wou 
occurred in the same plating if it had remained plan 
the surtace stress¢ vere often higher owing t« 
of local bending 

vi In the case of the 
untairness was at some pl wee 
local bending and heart-of plate 
to cause local yielding of the material 
the unfairness 

‘ No significant difference wa found betweet 


of the welded and riveted sh 
velded 


flexural rigiditie 
the particular cases examined, the 
slightly the greater flexibility 

9 Agreement between the theoretical and ob 
values of deflection in the two 


obtained after taking account of 


hips examined wa 
superstructures, local 
inefficiencies of unfair plating, discontinuous member 
and other such effects 

10 No conclusive e idence of rivet slip in the butt 
or seams was found within the range of bending mo 
ments and shear forces applied during the experiment 
but the lower stress concentration factors found in the 
riveted ship suggest that rivet slip may have occurred 


in the vicinity of discontinuitie 
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11. The maximum range of vertical bending mo- 
ments at sea occurs when the ship’s course is normal to 
the wave crests and when the wave length is approxi- 
mately equal to that of the ship 

12. When the ship’s course is inclined to the direc- 
tion of the wave advance, horizontal bending moments 
arise, the magnitudes of which under certain conditions 
may exceed those of the co-existing vertical bending 
moment 

13. The maximum combined effects of vertical and 
horizontal bending moments are such as to produce 
maximum stresses at the gunwale and bilge which do 
not exceed those due to the worst conditions for vertical 
bending alone Che combined effects do, however, 
influence the maximum stresses at other points in the 
girth of the ship, e.g., in the side shell plating 
14. The heart-of-plate stresses in the upper deck and 
outer bottom due to axial « ompressive forces were found 
to be only a small percentage ol those due to maximum 
vertical bending moment 


Ld Che Lresst due 
vere found to be small compared with 


to torsion moments arising 
irom wave action 
those due to vertical bending moment and for practical 
purposes may be neglected 

16 An investigatior motte Leepnesses of ocean 
waves, based on experience during the present series of 
trials, supplemented by oceanographical data, indicates 
that, for waves not greater than 800 feet long, the 
maximum height which can be considered to be within 
the bounds « ) probal tv can be expressed bv 


the formula 


here is the height of th ive and 7 is its length, in 
leet 
17 theoretica | tion on the ships con- 


Ipporter } tiie OX rimental evidence, 


idered 


ndicates that, in the vhich relate the motions 


of a ship among ie resulting vertical bending 


moments, the dynami tend to cancel each other, 
and only become rtant under conditions of reso- 
nance, which I i nlikely to occur under 
evere wave conditior 

IS. For the ships consi d, a reliable estimate of 
the vertical bending moment due to waves of any given 
dimensions can be obtained by assuming the ship to be 
in static equilibrium on a trochoidal wave, and applying 
the Smith Correction 

19. The effects of 


not extensively investigated, but the greatest longi- 


lamming’’ or “pounding” were 
tudinal bending stresses observed at midships due to 
this cause were of the order of 1.5 tons/sq in. For 
the cases investigated during the experiments the slam- 
ming stress increased the maximum sagging stresses, 
but did not increase the maximum hogging stresses. 
The local stresses in the structure of the bottom forward 
due to slamming appeared to be severe, as indicated by 


damage to instruments in tl icinity 
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Welded Continuous Frames and Their Components 
Progress Report No. 15 


FURTHER STUDIES OF WELDED 
CORNER CONNECTIONS 


Report describes results of studies into strength, 
stiffness, and reserve of ductility of welded knees in rigid 


frames when subjected to lensile loading 
A. A. TOPRAC and LYNN S. BEEDLE 


ABSTRACT \ eri ol typu il welded frames and then components witl Rigid Frame Behavior 


corner connections for structural frame ‘ 


varticular reference to plastic action r . ’ 1: 
were tested in a manner that would simu , "oe Phe current studies 
late a relatively infrequent form of load A portion of that program has dealt itv. mentioned abo 
ing--a moment loading that tends to open with portal frames of the type shown in work at trown.= 
the connecting arme The possibility of Fig. Ifa) In particular teference 2 Cambridge Universit) 
weld fracture i thus increased Dvn has deseribed studie of traight tapered 


this form of loading constitute a powsilyle fleet the present interest in the 


limitation on the application of plastix and curved corner connections for these of steel frames loaded beyond 


wmalyesis to structural design? The re frames (lig 
es ene _¥ 7 Pave . , W - — that the joints clo ed under the action of steel frame may quick! 
welding ame MASEL ERED CEs ENE Jounts the forces This termed “com us ‘ { 

the desirable strength tiffness and re by a knowledge of tl e plasti 
components Plast thee 
present report considers that as the load ineres 


frames is assured the ease in which the forees open the hinge* forms at the peo nt of 


1(b)) tested in such @ way imiut Phe maximum 


erve iti duetilit min lee whi ved thus pression loading und is nHown mM Fig 


i satisfactory connection for welded rigid l(c) The 


Introduction joint (Pig. 1(d)) and ealled “tension moment; as load furtl 
The problem being considered in this loading hinges form at other 1 
report concerns the abiitv of welded until the entire structure 


of it) is unable to carry mor 





knees in rigid frames to meet one of the 
the the formation of plastic | 





possible design requirements If 
sufficient number of cross 


Application of plastic analysis to 


loading on a structural frame is such 
that the forces tend to “open” the joint 


will the connection exhibit adequate tural design results in a balanced de 














strength, stiffness and reserve of duc ol a more economical fram pl 


tility? (a) Portal Frame portioned with less design office effort 


The studies were carried out as part of Further discussion of plastic a1 
a program being sponsored at Lehigh ind design may be found in 


University by the Amerivan Institute of ences previously cited Phe 


Steel Construction, American Lron and point to be kept in mind i 
Steel Institute. Bureau of Ships, Bureau ability of a steel frame to reac 
of Yards and Docks, Office of Naval puted maximum load depend 


Research, and Welding Research Coun ability of the component parts 
T ' 
ceil, Several previous progress reports! (b) Connection Types plastic hinges. Some of these 


have described the results of studies into may be caused by “tension” loadir 
the strength of welded continuous corner connections 

Loads on Rigid Frames 
A. A. Toprac i» oc. Professor, Civil Engi 4 study of typical frames nd 
neering, University of Texas, Austin ane 
Lynn 5S. Beedle iv Assistant Director, Fritz loading shows that in almost all 
Engineering Laboratory Lehigh University 
HKethlehem, Pa the ty pical loading is COMPressiol 
Presented at the AWS National Fall Meeting ing (joint being closed let 
neld in Cleveland, Ohio, Vet, 19-23, 1908 loading is highly unlike! ! 
This work has been carried out as part of an frames. and even if it does exis 


investigation sponsored jointly by the following ~« ‘ 
American Institute of Steel Construction, Ameri atnlitv of the knee to carry hig! 
ean fron and Steel Institute, Column Researe! (c) Compression Loading (d) Tension Loading 

Couneil Advisory Navy Department Con . ; 

traet 30803 Office of Naval Research, Bureau Fig. ] Portal frame, connection types, * 4 plastic hinge is characterized | 
of Ships, Bureau of Yards and Docks, and Weld of a cross section through a consideral 


ine Research Council and loading while the moment remains substantia 
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this tension loading Is not requu 
the devel pment ol ma 
rengtl 

bs gravity loads the joint 

ume tends to close unde 


wads Due to lateral lo 





i frame, moments ol 


st at the two knees 





one of the knees 
ding and the 
on Howe 

y stems are 
ructures the 


on? 








H<y [ “7 
oO 


CASE I 





re-entrant cor 
Not until H 
| 


on loading cle elop 








tion of a tension hing 

B for Case III (7 
necessary condition for tensio1 rt 
on for this frame is H 2 | i CASE II 
hese particu proportiol 


ies reate! 








vind and rool toading H>V | 
I lrame ¢ ig. 3} rhap 

ore realist ot pan not . 

olumn height 3 Tl con 


entrated loads 


Fig. 2. Rectangular portal frame. Various plastic mechanisms (failure modes) 
nts simulate 


these proportior 
Fig. 4. (Left) Rectangular portal 


frame. Typical moment diagrams due 
to uniformly distributed loads 


Machine Heod 


Oval Support 


Fig. 3 Rectangular portal frame with ___ protrerrrenm 
concentrated loads. Typical moment Fig. 5 Diagrammatic sketch of load- 
diagrams and plastic mechanism ; ing and deflection measuring method 
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Table 1—Test Program 


Connec Where Type of Prwr Late rat V ate ria 


lions Type tested test condition support designalio 


\ Straight Lehigh Tension Tested in compression No I 


B Tapered Lehigh Tension Tested in compression No I 
C Tapered Lehigh Tension Tested in compression No I 
DD Tapered Lehigh Tension Tested in compression No I 
I Tapered Lehigh Tension Tested in compression No I 
I Tapered Lehigh Tension Tested in compression No I 


G urved Lehigh Tension Tested in compression No 
urved Lehigh Tension Tested in compression No 
urved Lehigh Tension Tested in compression No 
urved Lehigh Tension Tested in compression No 


Straight Lehigh Tension Tested in compression No 
Straight Lehigh Tension Tested in compression No 
Straight Lehigh Tension Tested in compression No 


Straight Texas Compression Prime Yes 
Straight Texas Tension Tested in compression No 
Straight Texas Tension Prime Yés 


rPPPrPrPPRRE SPP 


and roof loads, the ratio of horizontal for connections to resist “tension’’ are ment on the performance of the welds at 
load, H, to vertical load, V, is about 1 the same that point because combined stresses 
to9. The moment diagram is shown in “(a) The knee must be capable of in tension are present. Whereas under 
Fig. 3(b) at first vield (dotted) and at resisting at the corner the full plastic compression it would be expected that 
the ultimate load (solid), For the latter moment, M,, of the rolled sections the strength of the knee wouid be 
case the plastic mechanism is as shown joined limited by instability, the limit 

in Fig. 3c). For normal wind load “(bh) For straight knees the stiff- tension loading might be the onset o 
the windward corner is still loaded in ness (or ‘rigidity’) should be at least as weld fracture 





compression A tension hinge will not great as that of an equivalent length of Purpose and Scope 


With the above requirements 
mind, the objectives of this investiga 


form until H/4 1.5, or in other the rolled sections joined. Depending 
words, until the side load is nearly upon the proportions of the frame and 
fifteen times that normally due to wind! the deflection limitations, additional 
Keven for the rather unusual frame flexibility in the knee may not be objec tion were the following 
proportions shown in Fig. 4, the wind- tionable so long as requirement (a) is (a) To obtain information on the 
ward corner is subjected to only a satisfied within the limit established in strengths and rigidities of 
moderate tension From the bending (c) below various types of knees 
moment diagrams of this frame it is “(e) The knee may be required to loaded in tension 
apparent that the second plastic hinge absorb further rotations at the near- (6) To compare the results 
will oceur in the beam away from the maximum moments after reaching the those obtained in the previo 
knee under “tension plastic hinge condition. This property compression tests 
Although the occurrence of plastic has been termed ‘rotation capacity ) To investigate whether 
“tension” loading in structures is im- The precise requirement depends on the weld failure would be 
probable, a few tests are desirable be degree of restraint, the loading, and the limitation in the design 
cause of the special cases already men length-depth ratio of the portal beam knees when subjected to ter 
tioned in which the attainment of “The above requirements may be sion loadings 
maximum plastic strength of the struc- summarized for a square knee by stating The 
ture depends upon proper perform that it must be as stiff and as strong in 
ance of knees loaded in tension bending as an equivalent length of rolled 
Requirements for Connections section, with adequate rotation capacity capacity are as valid for tension loading 
The general requirements imposed on as governed by degree of restraint, load- on they are for compression 
continuous connections by implied or ing and proportions of members 
stated assumptions have been discussed Tension at the re-entrant corner of 


previous analyses? for elastu 
limit strength, for deformation in the 


elastic range, and for plastic moment 


Description of Tests 


previously,?. The basie requirements the knee imposes a more severe require- The following is a short description 





Table 2—Section Properties of Test Specimens (8B13) 


Material 
designation d, in. b, in w, in t, in A, in.? Ty, in. Sz, in Zz, in 
HANDBOOK 8 00 4.000 0.230 0 254 3.83 39.5 9 88 11.35° 
Measured & 063 4 O31 0.237 0. 266 3.993 42 07 10.42 12 006 
"% variation +-0.788 +0.775 +3.04 +4.73 +4.26 +0 651 +5. 47 +5.78 
Il Measured 8 07 4.06 0.231 0. 257 3 96 42.1 10 44 11 95 
% variation +0. 875 +1.50 +0.435 +1.18 +339 +6. 58 +568 +5 28 


* Z,, computed from properties of split tees, equals twice the area of the tee times the distance from stem to centroid 
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Table 3—Summary of Coupon Test Results 


l ppe ) el Strain 
Elasti ‘ i“ harde ning 
ul strain 5 modulus, 
Type of 7 é E., 
Coupon leat ) 8 y 1 u pet 
8B13 Shape, material designation I* ( Lehig! 
Al-] Tensior 16, 600 15,400 0 0021 
Al-% Tension 55,300 1,300 0019 
A2 Tension 13,700 12,600 00210 
A2- Tensior 50,300 19,700 OOLO5 
Web avs 19,000 17 , 200 0020 


A1-3 nsion 11,500 11,300 00145 

Al Tension 13,300 12.200 00321 

A2-3 nsion 13,300 13,200 00190 

\2 Tensior 600 42,600 OO4 

B nsior 100 10,100 0037 OLS! 141,000 

B nsion 600 11.300 0027 0232 s85, 000 

B-3 Tension 600 11,600 OO17 0247 594,000 
Flange avg 2 000 11.800 0027 0220 170,000 


Mill report: Tensior 7 Tensile strength 64 


iterial designation ITt 
nslo 
nsior 
nsion 


Web ave 


Te nsion 
Tension 
Tension 
Pensior 
Tension 
Tension 


I lange 


Miill re port 





materi I rial designation I* (LehigI 
700 100 0 OOL2Z8 0200 OOO 
600 2.800 0 OO126 OL79 OOO 
700 ; s00) 0 OO1L00 OLS ) OOO 
iM) 4, 200 0 OO1L07 0200 O00 
700 10 0 OOLSO 1] O00 
Tensio 100 OO) 0 OOLSO ] | 000 
Ter ) , 700 12.300 0 OOL30 ISS OOO 
Tensiotr j 100 13.400 0 OO2ZOS Lu O00 
Ter 7 > 700 16, 200 0G OO2Z60 } O00 
Tensio > 500 15.600 0 OOLDS ‘ O00 
Tensior & HOO ‘%. HOO O OO2Z5 0 OLO% OOO 
Tensior 200) 500 0 OOS 0 O210 , 000 
Tensior , 700 5 000 0 OO2Z0 0 O162 44.000 
1) Tensior \7 , 100 5, 500 0 0024 0 O160 OOO 
Average of all plate mater 10, 500 S00 0 OO172 0 O1L80 O00 
Mill report No ilabyle 


* I, Heat No. 34Y532 
t II, Heat No. unknow: 








Since all the connections had buckled 
previously and were permanently de- 
formed both locally and laterally, one 
would expect their behavior to be some- 
what different from a prime connection. 
Specimens V and W (which are identical 
to Specimen K?*) are prime connections 
that were tested in compression and 
tension in order to 


(a) determine any differences be- 
tween prime and previously 
strained connections when 
tested in tension, and 
(b) compare the behavior of identi- 
cal prime members under com- 
pression and tension loads Fig. 8 Connection W at end of test 


Connection V was first tested in com- 
pression and then in tension, whereas 
Connection W was tested in tension 
only. To distinguish between the com- 
pression test and the subsequent tension 
test of the same connection V, the com- 
pression test is labeled as V, and the 
tension test as V. The prime tension 

test is labeled W 
All connections were proportioned to 
Fig. 6 Typical test setup (Connection join two 8BI3 rolled shapes. Since 
G) there were two sets of tests (A-M and 
V.. V and W), there were two lots of 
the specimens used, the test setup material (designated I and II in Table : 7 
instrumentation, and test procedure | Average section properties for the Fig. 9 Connection V at end of test 
The knees tested in this program wer two lots of SBIS shape ire shown In 
Table 2 screw-type machin 


traight connection tapered haunche 
set with legs at 


ind curved knee lable | summarize The results of the physical propert were 
the tests conducted Specimens A to tests are shown in Table 3 These were horizontal and loade 


Ml are the same specimens that wer standard tension tests carried out at a changeable loading 


tested in comp ion as deseribed i low laborator tram rate Dimen each end of the specimel 


Figs. S sions of the coupons ere determined were transmitted throug! 


Reference 2 hown in 
ter welded to the loading fixt: 


ind O thereim joe pecimens wet ith the aid of a microme 


tested in tensio vithout being straight Connections A to M wer “| plate links with 3 


ened after the prio mopression test Lehigh Universit ! SOO OOO-Th) \ 6-in pin was 


Rolled Shape 


Mp 550 in-ups 


Moment aft 
the knee 


in-kips 


Experimental Curve 
Theoretical Detlecti 
Observed First Yield Line 
Local Buchling of Compressio 
Weld Fracture 


Weid Crack 








Deflection - inches 
Fig. 7 Moment-deflection curves. Connections Vc, V and W 
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the 
Figure 
the links 
Figure 6 


the machine to 
through the link 
grammatic sketcl 
deflection dial 

links and a specimen alter testing 
! 


pull 


< oO ~ 


ol il 
shows 
as ide t 
at Lehigh 


experimental 


lateral support w prov 
ecimens tested 
| lentical 


were 


ch 


aT 


! 
test 
\ 


Univers 


for Connections ! 
tested at the 
100,000-lb serew-t 
For specimen V.. tested 
the test setup is the 


ised i ! 


Te 
} 


{ 


! were if 


| 


YA8 mn « 


iN 
ine 

pression 
that described in a prior paper.® Spe 


\ and W 


in tension 


tested in compre 


mens 
and respectivel 


by t 


were 


lateral] 
fle cible 


rigid supports furnished by 


we 
! 


supported » pal 


anchore 
two SWI 
beams clamped to the outside of 
testing machine columns at the 
V (which had 
compression 


later i 


bars which 
t] 
eve 
the knee Specimen 
ready been tested 
tested 
ports 

The 
stati 


in 


in tension without 


carried out 

loading conditions at 
| An Ames dial gage 
to measure deflection between the 


tests were 


te 


room 


erature Was US 


of the connection specimens A to M and 


\ 
W hoth deflection and corner 
data were taken 


see Fig. 5). For Connections V ar 


rotati 


The specimen 


under 


whitewashed to reveal the flaking of t} 


Straight Connections 
elding occurred 


when 


' to V., V, W. In Fig. 7 the 
f moment at the knee vs, deflec- 
icross the assembly are 


V.. W and \ 


of the same type with web 


| Ds or 


practice 1) 
increments in the elast 
deere set 


Bey 


urred 


increment W 


commenced on pecinens 


plastic reep oct 


iw 
it 
ind therefore deformation gage reading iitted over the column flange 


\ carried out at Texas to 


were not taken until the connection | were 
nt the prior Lehigh tests A to 
uplified theoretical deflection 

» drawn, based on methods 


veloped in Part Il of Refer 


the 

The 
gener ally 

port } | 
t] 


~ test setup 


inte 


i 


erude Lise ol i 


support abandoned f 


atera ma heen provided trie 


f { 


nol 


th 


strengt! e connections probal 
Howe it 
should the tests indi 


performance teste 


the prime compression 
the prime tension test 
identical behavior 
ire substantially the same 
The tension 
stiffer than the 
even this small 
would have 


increased WH 


it 


vould have vel 


onsidered tl} te ilmost 


to 


17 


l 


satisitactor when | 


mple manner, the 
ustified 


more 


e procedure H5 in k ips) 


F ! larhtly 
test and 


robably 


Since compre 


ol the usuA ind erit 


difference dlis- 
: ' ippeared had the moment values been 
Test Results and Discussion 
The 
Figs 
Table 


hee n 


ted 


change in distance from the 
the center of the knee as 
deflected, Both V, and 
iewhat more flexible than 
theory predicts. The 

knee obtained by 
the load, P, by the perpen- 
from the 
intersection of center 


eorres 


t the shown 


91 
I 


resu tests are il me 


to thre 


\W 
the 


summarized 
The data ha 

weording 
to 12 
13 to 


tapered 


‘ ind ire lf 


| 


ind in lig 22 f 


inged to 


t 
t 


primarily 


connectio! | 7 ve mon the 


the str 


the 


" Figures 18 


j Lig! connections 16 


ult 


Figs 
of tests on the 
19 to 21 


Te show nee measured 


haunches 
the eur 


mn Ine wde Knee 


of column and girder) to 





Comp iled 
initial 
yield 

ronment 


Vi, 


vg. (K to W 
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129) 


Biiy 


1(MM) 
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7 « rack 


to the point of being visible 


means a ver‘ 


+ Fracture oecurred after 
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Table 4—Test Results 
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Weld 
quality 


léatio 
M ni) /Maa 
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raight connection 
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Moment oat 
the knee 
in-kips 





of tracture 





620 040 0606 


Fig. 10 Moment-deflection curves. 


the line of force. This distance grad 


ually becomes greater for specimens 
under COM pression loads and becomes 
smaller for those under tension loads 
The difference in 
tension test and one tested 


behavior of a 
prime’ 
firet in compression and then in tension 
is shown in Fig. 7 by a comparison of 
V and W tested in ten- 
sion after having been previously tested 


Specimen V, 


in compression as V,, carried a higher 
maximum moment (M, 625 in.-kips 
against 565 in.-kips for W), and was 
considerably more flexible than prime 
member W. The curve for Connection 
V departs from linearity sooner than the 
connections due to the 
(localized residual 


other two 
Bauschinger effect 
stresses due to the prior compression 
vielding). The increase in strength 
may be due, in part, to hardening by 
virtue of the prior compression 

In both Connections V and W the 
first weld failures* occurred at about the 
same moment value; but V went on to 
carry increased load, whereas W = col- 
lapsed rather quickly. The most prob- 
able cause for this difference is better 
welding on V than on W. Another 
contributing factor might be the pres- 
ence or absence of lateral support. V 
was not supported laterally; W was 
By increasing the general stiffness of the 
entire assembly, fracture tendency is 
increased, It seems, however, that 
difference in weld quality is the more 
likely explanation 

These connections were detailed just 
like Connection K. By comparison 
with Fig. 23 of Reference 2 it will be 


* As will be discussed later, in some cases weld 
cracks were scarcely visible and did not alter the 
behavior; in others they progressed and led to 
final collapse. 


080 100 120 #«24140 
Deflection - inches 


Connections A, K, L and M 


seen that the behavior of the com- 
pression test (V.) was almost identical 
to Connection K 

All three connections shown in Fig. 7 
reached the computed M, value There 
was a considerable reserve of strength 
beyond the first weld crack 

In the figures the points of first yield 
()), local buckling (1 
and weld fracture (Ff) have been indi- 
cated by the appropriate symbols. With 
regard to yielding, the two prime con- 
nections show the typical behavior of 


weld crack (C'), 


local yielding at about one-third to one- 
half of the computed yield load, Local 
buckling of flange edges was observed by 
eye, 

Weld cracks occurred in Specimens 
W and V 
weld failure started after the initiation 
of local buckling. On all of the connec- 
tions, weld quality left something to be 


However, in the case of W, 


desired. The connections performed so 
satisfactorily, however, that the effect 
of defective 
limited the ability of a frame to carry 
the computed loads 

Figure 8 shows Connection W at the 
end of the test One crack started at 
the inside column flange and propagated 
considerably into the web of the column: 
the other failure was in the diagonal 
stiffener attachment at the inside corner 
This was the only connection to fail at 
the diagonal! stiffener connection. The 
fact that vielding due to shear force 
occurred in the web that had been stiff- 
ened with the diagonal plate is further 
evidence for the need of this element. 


welds would not have 


Figure 9 shows Connection V at the 
end of the test 
the web and local buckling of the 
exterior flange shows that the fracture 
did not limit the carrying capacity of the 


The extensive vield in 


Lapermmerital Curve 
- Treoretical Deflection Curve 
Y Opserved First Yieid Line 
L Loca! Buckling of Compress 


Fl] wel¢ Fosture 


[weld Crock 





160 180 


2co 62.20 


knee. Figure 24 shows by 
location of weld fractures 
Connections A, kK, L, M 
gives the moment-deflection 
the four square knees A, K 
For these specimens is Wel 
that follow) the moment arms 
} 


nange In a 


corrected for the e 
hetween the center of the knee a1 
line of applied forces due to defort 
Table 4 summarizes the strengt! 
four knees, 

Figure 10 shows that the beha 
the four connections was similar up to 
the point of fracture. By comparison 
with the theoretical curve it is seen that 
no fracture occurred at a moment less 
than the plastic hinge moment, M 
except for Connection A (the one in 
volving the most difficult weld The 
strength in tension was greater than the 
compressive strength (excepting A 
The maximum strength of K compares 
rather well with its companion, \ 

The best 
hibited by Connection L, although there 
is little difference from M. Yielding 
at relatively low loads due to the 
Bauschinger effect is also in evidence in 


characteristics were ex 


these tests. 

Local buckling (see “L”’ in Fig. 10 
on the curves for Connections L and M 
is delayed in comparison with the com 
pression tests. Figure 23 indicates why 
local buckling is more critical for com 
pression than for tension. Under com 
pression loading (Fig. 23a) local buckling 
would occur at lower moments because 
compression flexural strains are added to 
direct strains in compression; under ten 
sion loading (Fig. 23b) the compression 
flexural strain is reduced by the super- 
imposed tensile direct strain Local 
buckling should therefore occur at a 
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Table 5—Notes on Weld Fractures 


Nature of 
weld failure 
t Poor peneti ation Fracture 
or Failure started at one s penetration; pro- 
ssed to the other side of flange 


Poor penetration’’ type weld 


" None 
after end of test: weld Crack 


moentration 


oor weld: erack formed but x 
egular and conducive of fracture due stre 


first tear (outside) involved a shear failure in an undersized weld; back-up Practur 
Da was never deposited; failure in web attachment started in shear, shifted 
hear-tear poor penetration und back to shea ie weld at the op 
ner; the failure is also ductile with local necking in evidence 
visible at end of test earance of bot! tical welds is poor Crack 
cutting 

the best of the 1; some under None 


None 
= : Crack ne isible: audible during test Crack 
Fig. 11 Connection A. Note crack at ; aa ae ey! 
j h le during test but ‘‘closed ‘ Crack 

re-entrant corner ( ke at jun 


on of radial stiffener : nme ne med uf at end of Crack 


weld as the Fracture 


better Fracture 
le peneti atic 


nly fair; some bracture 


None 


eb and erack at (Crack 


eb and crack at bracture 





moment n the | y Lé the 
ing is in tensior The table in Fig 


contiirn 


external weld was 
penetration was poor on 
the opposite side Per- 
onnection orn f weld 


end of the test (‘rack 


Figure 2 show ¢ is discussed tn a later 
re port 


! 


din both connections at zing the behavior of these 


corner are visible \ connections, if high “tension” 


he en first fracture did oad } pected, then Connection A 
mediate collapse hi TT | t desirable detail of the 


igher load as the crack opened yroup he rest of the connections ex- 


ad propagated to the web of the 


limitation to plastic design of 
ummarized in Table 4, and 


tructures due to the fractures 


d in more detail in Table 5 i ubsequentl 
the weld qualit) was at best only fair in 
ill of the connection There was poo! Tapered Haunches 
Fig. 12 Connection K. Note crack at penetration and there 


re-entrant corner inclusior With regard to Connection hows the ! 


occurred 


were numerous Connection D, £2, Ff Figure 13 


noment-deflection curves for 


Moment at 
the knee 


n-kips 


Deflection — inches 
Fig. 13. Moment-deflection curves. Connections D, E and F 
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Fig. 14 In Connection D weld failure 
(see Fig. 24) and local buckling were 
present at end of test 
these three connection Concerning 
the theoretical 
moment at first yield, M, 
the effect of axial thrust 
moment at plastic yield of the rolled 
section, M,., 
As shown in Table 4, the strength in 
tension was considerably greater than 


values, the haunch 
includes 


The haunch 


does not 


the strength in compression, On the 
average, the increase amounted to more 
than 25%. The weld quality seemed 
somewhat better (Table 5). No frae- 
tures occurred below the yield load nor 
below M,,.,; thus there is no limitation 
to plastic design due to these fractures 
Connection F did not fracture at all 

In Fig. 13, the moment value at 
observed lateral buckling is designated 
by LA.’ 


it is often difficult to distinguish between 


Actually in any given test 
local and lateral buckling Does local 
buckling cause lateral buckling or is 


MOME NT 
AT THE KNEE 
(i -h9ps) 


Fig. 15 Connection F at end of test 
(no weld failure) 
local crippling the result of lateral 
deformation? Both lead to collapse 
and in these specimens, buckling of one 
type or the other preceded fracture 

Due to the fact that the 
1j-dleg bracket’ type 
than in the straight connections, frac 


notch’’ is 
less severe in the 
ture tendency is less pronounced 
There was no sudden collapse due to 
weld failures in these specimens, the 
maximum load alwa being greater 
than the cracking load 

Figure 14 shows the ippearance ol 
Connection D at the end of the test 
Connections I: and F failed primarily by 
local and lateral buckling; Fig. 15 
shows Connection F at the end of the 
test 

Connections B and C. Figure 16 
shows the moment vs. deflection curves 
for haunched Connections B and C 
As with the previously discussed connec- 
tions, the strength in tension was greater 
than the compression strength (Table 
4). Connection C developed a moment 
greater than that necessary to meet 


Fig. 17 Connection B at end of test 


Fig. 18 Connection C failed by buck- 
ling in the column outside the knee 





——— Expermental Curve 
~—=—= Theoretical Volues 
L Local Buckling 
LA Loteral Bucking 

(© Weld Crack 














ine) 2 
DEFLECTION 


Fig. 16 Moment-deflection curves. Connections B and C 
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Moment at 
the knee 
in- kips 





Fig. 19 Moment-deflection curves. 


Although 
the strength of Connection B exceeded 
the computed yield value, it did not 
quite reach the plastic moment value 
it did not fracture 

toth connections failed by local and 
lateral buckling of the outer (com 
pression) flange. The weld erack did 
not affect the strength of Connection ( 


Figures 17 


plastic hinge requirements 


since buckling preceded it 
and 18 show the connections after test 
Curved Knees (Specimens G, H, I, J) 
Figure 19 gives the moment-defle« 
tion curves for these four connections 
The comparison in Table 4 shows that 
the curved knees developed strength in 
tension just about equal to those in the 
prior compression tests (within 4% for 
G, H and I) 
reserve of strength above first ield 
19 with Fig. 44 of 


Reference 2 indicates that the deforma 


There is a most adequats 
Comparison ol hig 


tion behavior in tension was also quite 


similar to that compression 


Fig. 20 Connection | 





12 14 16 


Deflection - inches 
Connections G, H, |, and J 


All four curved knees failed by local 
and lateral buckling. Some eracks of 
minor importance developed in H and 
I at the end of the knees where the rolled 
sections were welded to the built-up 
portions, and in J at the radial stiff 
eners; but all these weld “failures 
were insignificant and did not contribute 
to the failure suckling occurred priot 
in Fig. 19 see the designa 


LA” to denote loeal and 


to tracture 
tion “‘L’’ and 
lateral buckling 
Figure 6 shows Connection G at the 
end of the test The loealized ielding 
and the lateral buckling which brought 
about the final collapse of this connec 
tion are evident Figure 20 shows speci 
men I after failure and at the end of the 


test Connection J is shown in Fig. 21 


Strength of Connections 
As mentioned previously, Table 
presents a summary of the strengt} 
the connections tested in this series and 
subjected to tension loads Figure 22 
of the moment vs. defle« 
tion curve for all of the connectior 
tested and is presented on a 
dimensional basi In every ca 
nun observed haunch moment 
vreater than the computed 
value; as Fig, 22 shows, the reserve 
above first yield is more than adequate 
most case Further, in every case 
C‘onnection A. the strength i 
it least equal to and in most 
cases greater than the strength in cor 
pression »| t The average 
creases were 11% for the straight con 
nectior the 45-deg bracket 
connections for haunched con 
nection nm and 3% for the curved 


Knees 


\ 
be b* 
eH a; 
bi , 


~”~ 
~ 


G 


E «perimental vive 
Theoretico! Volues 
a! Bucking 
A Lateral Buckling 


F Weld Frecture 


Weld Crock 








4 comparison with the computed 
haunch moments to give the plastic 
moment at the extremities of the 
haunch (Table 6, Part III, Ref, 2) shows 
that except for Connections A and B, 
the full plastic moment strength was 
developed 

Phe limitation on strength was either 
local and lateral buckling or weld frac- 
ture he results show that the be- 
havior of Connection A in this test is 
inndequate and that Conneetion B 
should be proportioned with a thicker 
inner flange; but otherwise neither the 
local buckling nor the weld fractures 
could be considered as a limitation on 
ust f } knees The necessary 
strengt! developed prior to “fail- 
ure 
Rigidity of Connections 

\ost of the members tested in tension 
exhibited nonlinear behavior at lower 
loads than in the previous compression 
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i Cc 














/ 
! 
! 


Se kt ae See ee 
'y 


Oy 














Fig. 22 Moment-deflection curves. Connections A through M, V and W 


tests. This is due to the Bauschinger for the final failure of L and D (Fig. 14) nection A fractured at a moment 
effect; in no way does it constitute because local and lateral buckling were than the yield moment. There is a 
any limitation in the use of these con- also involved in the collapse. The “reserve” strength above the fracture 
nections in design sudden collapse due to fracture of A, moment in most cases 

With regard to rotation capacity, the W, K and M is evident from Fig. 22 As is clear from Table 4 and Table 5 
performance meets all normal design As may be seen from Fig. 22, only Con- there is a direct correlation between weld 
requirements, In the curved = and , 
haunched connections none is required (a) Compression Loading 
Some of the straight connections show 
little rotation capacity, but in ordinary 


A 

structures rotation capacity in “tension” 

is not mandatory as such a hinge is 

usually one of the last to form 

Performance of Welds 

The chief difference between the 

tension and the compression behavior 

of these particular tests is that fractures 
B 
B 


(-) 











A 
| 
\ (-) 
of some of the welds occurred in the Pp 
former, ‘This fracture is due in part (b) Tension Loading 


to stress concentrations and the presence 


of multiaxial stresses; but primarily it 

was due to poor welding. Table 5 7 

summarizes observations made in con- james 

nection with the welding of the various = 

joints With proper inspection, the ~“ 

usual commercially welded joints will not 

be deficient. The “poor welding” on - 

these specimens resulted, in fact, from (+) (+) 
P 


Pp 
a 
P 








an effort to avoid laboratory precision 
In three of the connections there were 
no weld failures whatever (B, F, G) 


In six of the connections cracks occurred (c) Comparison of Approximate Moments (in-k.) at Local Buckling 
(designated by “C”’ in some of the = ~ CONNECTION 
figures—the connections involved were Type of Load K L M D E F V W 
V, bk, C, HL 1, J). In no ease did these 
cracks develop further nor did they in- Compression| 520} 530 | 590/530 | 710 | 785 | 760 (440) 
fluence the behavior in any way 4 — 
Fractures occurred in the remaining , 

six tests (A, K, L, M, W, D). Five of Tension GES | 665 | SO | 950 | 860 | SES | 465 
these were straight connections and one . 
(D) was a bracketed joint. Of these Fig.23 Combined stresses cause local buckling to be more critical in “compression” 
six joints, fracture was not accountable than “tension” 
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ity or soundness and the tenden 


fracture. Sound welds did not fa 
spite of severe stress concentration 


Poor Had a 


of the welds been sound, it is reasonable 


welds led to fractures 


to suppose that none of the connections 


would have failed due to weld fracture 


In those connections which did fail, the 


prime cause was lack of 
All of the 
ductile 


where penetration was apparently poor 


penetr itr 
failures were of the 
type except for 


As was mentioned above, only in the 


ease of ( onnection A Was weld Taiure i 


limitation in the use of the knee Ina 
other cases of fracture, the necessar 
design requirements had been achie 
prior to weld failure 

More tests 


straight 


recent 
connections 
upon later) have been 


fractures whatever 


Summary 


The following summarizes the re 
of this study of connections loaded 
a way that the inside, or re-entrant 


tension th it Is 


such 
corner 1s In 
loading 

|. The 


tension 


formation of hinges due 


loading in usual engines 
structures is highly unlikely (Figs. 2 
Thus the requirements of strength 
reserve ductility are not as stringent fo 
tension connections as for those loaded 
In compression 


2 The 


tensior 


stiffness of connecti 
is compar ible to that 
pression 
3 | xcept for Connection 
the connections were stronger 
than in 
cracks or fractures 
them (Table 4 

1. The first erack did not cau 


mediate collapse 


compression eve 


oceurred 


In almost every 


there was a reserve of strengt! 
initiation of a crack (up to 36° 
5 With but i few ¢ 


mode of failure of the connections | 


( 


xception 


tension loading wa 
served in the 
Ordinarily 
| 


nounced 


later i 


COMMpPression 
fractures were of le 
than the lo« 
buckling that produced 


influence 


failure 
h The weld quality on the straight 
knees \ K L Vi W \ ) Was genera 


poor, and there was a direct correlation 


between weld soundness and frac turing 
It is reasonable to expect that had the 
welding been sound, none of the frac- 
tures would have occurred. In more 


recent tests on larger connection no 


fractures whatever have occurred 

7 Only Connection A fractures 
moment less than the ield mot 
Fig. 22 In spite of this 


connection continued to carry 


fracture 


in tact exceeded the computed 


vield value In most cases there i 
considerable and adequate reserve 


1955 


Jt LY 


those ises 


7 opra 





























Fig. 24 


COl puted 


correlation 


There is 


fracture 


vield 


between 


ibove 
tenden 
ind magnitude of stress concentration 

QS The 
poor welds, plastic design of rigid frame 
would be no more limited by the frac 
tures than would elastic design 
for Connection A 


limitation to elastir 


] xcept 
neither would the 
fracture iy ui 


design With good quality of welding 


these connection types would constitute 


uitable designs even for those 


ases that 


pecia 
require the formation of a 


tension hinge 
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TEMPER BRITTLENESS 
OF PRESSURE VESSEL 


DISCUSSION ey M. A. SCHEIL ano C. B. REX 


Dr. Jaffe has presented an interesting and useful study 
In 


addition, it is felt that the practical value of the paper 


of the general problem of temper embrittlement 


is enhanced by the discussion by Mr. Blumberg 
Another rather excellent example of the temper em- 
brittlement phenomenon occurred in forged air flasks 
for Navy torpedoes about the beginning of World War 
Il. The nickel- 
chromium steel, something of the order of the Krupp 
analysis 


material was a medium carbon, 
These air chambers had been oil quenched 
and tempered and probably slow cooled in the tempering 
Nearly hundred = of 
supply depots at the time of Pearl Harbor 
a retest of one of these flasks at 
Island, 


hydrostatic test 


operation two these were in 
However 
Providence, Rhode 
fragmentation the 
This failure caused the Navy to 


withdraw from service the entire quantity on hand at 


resulted in a sudden in 


a particularly critical period 
A proposal was made to retemper and quench from 
the temper in oil to attempt to improve the metallurgi- 


cal properties. The redraw temperature was 1150 


M. A. Scheil ie Director of Metallurgical Research, A. © 
Milwaukee, Wis., and C. B. Rex i# Head, Materials Branch 


Underwater Ordnance Station, Newport, R 


Smit 


h Cort 
I s 


Naval 


Paper by L. D. Jaffe was published in Tae Wetoine Jounnar, 34 (3), Re 
search Suppl., l4l-« to 150-8 (1055 


SO0-8 Discussion 


Pre Saure 


STEELS 


1175° F. This procedure was completely successful 
permitting nearly all of the flasks to be returned to the 
Navy in usable condition for service 

Chemical analysis and mechanical properties of the 
steel were as follows: 





Chemical Analysis, % 


046 Ni 
0.72 Cr 
0.15 Mo 
002 V 

0 O04 


Mechanical Properties 


Before 
Ultimate tensile strength, 
ps 
Yield strength (0.1 % off 
psi 


152,000 147,000 


set 135,000 
Llongation in 2 in., % 12 
Reduction area, % 41 7 
RKwl “C 33-34 
IZOD, ft-lb 1. 5-3.0 
Hydraulic failure, psi 3400 
Fracture Fragmented 
and brittle 


130,000 
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42" Rods, 250 Amps 
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4 ieee 


V4" Rods, 300 Amps | AL $5.50 
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eee 


ee. 
Ye" Rods, 500 Amps |, = $7.50 
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Jackson holders have long been in the lead, not only in the 
number of electrode holders sold, but on the basis of quality. 
Those shown here are made of a superior, 98° copper alloy, 
heat treated for greater strength, hardness and conductivity. 
Independent laboratory tests show the following compari- 

son between these Jackson Electrode Holders and two com- 
petitive makes, also made of copper alloy. 

Tensile Strength Elon Hardness Electrical 

Ibs. per sq. inch gation Rockwell ‘B’ Conductivity 
JACKSON 70,000 2% 70 35! 
Make “‘B” 25-30,000 10-20% 6-7 25-30% 
Make “‘C”’ 25-30,000 10-20% 10 16% 


The Jacksons won on all points: higher tensile strength, to take 
almost any abuse; lower elongation, to hold their shape; 
greater hardness, to take the wear and tear between the jaws; 
more conductivity to take the current with a minimum loss. 

All this, plus thorough insulation, improved time and again 
for greater strength, and lowest-cost replaceable parts, quickly 
installed to insure long life, make these Jackson holders the 
best buy for rugged, economical performance. 


Your Jackson Dealer will be glad to show you these 
and many other Jackson Electrode Holders. 
Also ask for the improved Ground Clamps and the latest 
in Jackson Welding Helmets and Safety Hats. 


WORLD'S LARGEST MANUFACTURER OF 


For even longer economical perform- 
ance, Jackson offers holders similar to 
models A-1, A-3, and A-3S, shown 
above, with the added feature of re- 
placeable lower jaws. 

Model AA-1 

Model AA-3 





All Prices Lower in Quantity 


SHAOKSON 


PRODUCTS, INC. 
WARREN-+-MICHIGAN 


ELECTRODE HOLDER 





Arc action of ‘Easyarc’’ LH 
7-16 electrode. 


New “Easyarc” LH 7-16 deposits 60% more metal ! 


In comparative tests the new EASYARC LH 7-16 elec- In addition to speed, the new EASYARC LH 7-16 pro 
trode deposited 6.58 pounds of metal per hour! This is duces outstanding results with hard-to-weld steels where 
actually 61.3% more metal than conventional low hydro highest quality is essential. Welds prove to have superior 
gen electrodes of the same diameter. stretch and toughness characteristics. There’s no under 

Here’s how the new EASYARC LH 7-16 does it bead cracking. It’s safe, too! The thick powdered metal 
coating is designed to eliminate the possibility of acci 


(1) The concave end of the electrode concentrates 
dental arcing 


the arc energy. 
(2) Powdered iron coating melts and becomes an Let the new EASYARC LH 7-16 prove itself. Send 
integral part of the weld for a free sample electrode today. Contact your nearest 
(3) The extra-heavy coating helps control arc action Airco office, Authorized Airco Dealer or write to Airco 
and allows higher currents to be used in com- at the address below 
plete safety. 
Divisions of Air Reduction Company 


Incorporated, with offices and 
dealers in most principal cities 
Air REDUCTION Ar tetscton se Comey 
Air Reduction Pacific Company 
Represented internationally by 
Airco Company Internationa 
Foreign Subsidiaries 
Air Reduction Canada Limited 
Cuban Air Products Corporation 





60 East 42nd Street ¢ New York 17, N. Y. 





Products of the divisions of Air Reduction Company, Incorporated, include, AIRCO ndustrial gases, welding and cutting equipment, and acetylenic chemicals * PURECO 
carbon dioxide, liquid-solid (‘"ORY-ICE*') * OHIO — medical gases ond hospital equipment * NATIONAL CARBIDE pipeline acetylene and calcium carbide * 
COLTON polyvinyl-acetates,—alcohols, ond other synthetic resins 





